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Abstract 
The Woodland Grant Scheme and its successor, the England Woodland Grant Scheme, are charged with 
providing public benefit through the creation and management of private woodland. The conservation of 
biodiversity is an increasingly important part of that benefit, yet it has received the least critical evaluation, 
threatening the successful delivery of national policy commitments such as the UK Biodiversity Action Plan. 
This thesis, therefore, presents a novel methodology for assessing the effects of WGS management on 
biodiversity: a rapid, low skill, field-based monitoring Protocol to record diversity, without reference to 
habitat condition targets, and a diversity Index to objectively evaluate it against pre-defined standards. This 
approach is a significant extension to SSSI condition monitoring, widening its applicability to any woodland 
habitat. Validated through a case study in Kent, the Protocol and Index were found to reliably record and 
appropriately score woodland diversity. Importantly, they demonstrated good statistical power, a criticism 
of other monitoring approaches. The case study also represents the first large-scale, field survey-based 
assessment of the effects of WGS management on woodland biodiversity. In Kent, the Scheme was found 
to be important for managing and improving the diversity of coppice woodland. Specifically, 15-26% was 
agreed to be cut under the Scheme between 1995 and 2000, and moderate cutting (35-65% of a 
compartment) was found to increase overall biodiversity. No overall effect was found for other woodland 
types and management activities, indicating maintenance of the biodiversity status quo. Financially, the 
Scheme was found to provide adequate value for money, from a biodiversity conservation perspective, 
although the targeting mechanisms were potentially weak. The Protocol and Index could be used by 
Forestry Commission Woodland Officers as part of their normal agreement visits, offering a low-cost 
solution to the problem of WGS assessment. 
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1 Introduction 
In Chapter 1 the Woodland Grant Scheme is introduced and its biodiversity conservation role highlighted. 
The paucity of assessment, compared to similar land management schemes, is identified as a threat to its 
conservation role, and a missed opportunity identified as a potential solution. A problem statement and 
research aims are formulated, and the structure of the thesis is outlined. 
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1.1 The Woodland Grant Scheme 
1.1.1 Scheme history 
Early years 
Prior to 1919, State forestry was in the hands of the Board of Agriculture and, for Crown Woods, the 
Commissioners of Woods and Forests. The First World War demonstrated the strategic importance of 
timber supplies and raised questions over the security of timber imports, especially from Russia. So it was 
that in 1916 the Forestry Sub-Committee of the post-war Reconstruction Committee was appointed ‘To 
consider and report upon the best means of conserving and developing the woodland and forestry 
resources of the United Kingdom, having regard to the experience gained during the war’. Reporting in 
1917 (Acland, 1917), they determined that British and Irish woodlands were unsatisfactorily managed, and 
that national interest demanded remedial measures: home production was only 8 percent of annual 
consumption, and imports put heavy pressure on shipping facilities, threatening the successful prosecution 
of war. The Sub-Committee recommended the establishment of a single Forestry Authority, with full 
financial and administrative powers, to conduct an 80-year national scheme of afforestation, in order to 
render the United Kingdom independent of foreign imports for a period of three years in the event of 
another national emergency. To stimulate private sector planting, it was also proposed that small, limited 
grants should be made available for replanting and new afforestation during the first ten years. Thus the 
Forestry Act 1919 established the Forestry Commission with the duties of promoting the interests of 
forestry, the development of afforestation, and the production of timber in England, Wales, Scotland and 
Ireland (until 1922). The first schemes for grants and proceeds sharing for private forestry were drawn up 
but, at £2 per acre for replanting and afforestation (£4 for broadleaves), private landowners were resistant, 
and complex rules designed to limit private gains only served to limit uptake further. 
Dedication and Small Woods Schemes 
The Second World War saw shortages of imported timber and a massive expansion in domestic forestry. 
From 1941 until 1946 the control of the prices, sales and felling of timber rested with the Timber 
Department of the Ministry of Supply, limiting the Forestry Commission's wartime role: although it had 
been instrumental in pre-war preparations. By 1943, a report on “Post-War Forest Policy”, with a 
supplement on private woodlands, was published (Robinson, 1943 & 1944). This recommended a massive 
programme of State land acquisition for afforestation and replanting, as well as encouraging significant 
private sector replanting. A “Dedication Scheme” was proposed, under which woodland owners 
undertook to follow Forestry Commission plans for afforestation and management, in return for 25% of 
net costs, until such a time as the woodland was self-supporting (Basis I). Alternatively, the landowner 
could accept a planting grant of £7 10s per acre with the option of a maintenance grant of 3s 4d per acre 
for 15-years (Basis II). The Dedication Scheme was eventually approved in 1945, the same year in which 
the Commission was brought under direct Government control (Forestry Act 1945), with the first grants 
being made in 1947. 
The 1951 Forestry Act made permanent the wartime powers to licence and control felling inherited by the 
Forestry Commission, critically including the power to enforce replanting, and reiterated the Commission's 
duty of "promoting the establishment and maintenance in Great Britain of adequate reserves of growing 
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trees". In the same year, a “Small Woods” scheme was introduced to provide replanting grants for 
woodlands “which ought to be used in the national interest for timber production but are unsuitable for 
dedication”; whilst a year later, the “Approved Woodlands Scheme” was introduced at half the Dedication 
Basis II rate for planting woods outside of Dedication. Further affirmation of the Commission's work came 
in 1957 with the publication of the Zuckerman Report, which stressed the social and economic importance 
of state sponsored forestry, rather than its strategic role, and placed emphasis on afforestation in marginal 
upland areas, particularly in Scotland and Wales (Zuckerman, 1957). However, there were conflicts with 
agriculture in these marginal areas: land that would once have been deemed suitable for afforestation was 
now being farmed under the auspices of the 1946 Hill Farming act and its associated subsidies. 
Throughout the 1960s and 70s, increasing emphasis was placed on the socio-economic, amenity and 
environmental benefits of the Commission’s activity. Indeed, by this time a thriving timber industry had 
been established in some of the poorest parts of Britain, the public had a ‘right to roam’ in all Commission 
woodlands in addition to the many recreation facilities, and much coniferous planting was now screened 
with strategically placed broadleaves. Of particular interest was the 1972 policy review following the 
Treasury’s report on the costs and benefits of state forestry (Treasury, 1972). The review (MAFF, 1972) 
highlighted that the Commission’s planting programme had failed to produce the rates of return expected 
of other public sector investments, even when the social benefits were allowed for. However, continued 
planting could be justified on the grounds of providing employment and maintaining the population in 
socially fragile parts of Britain. The Commission was also required to consider the landscape effects of 
planting, and to put more emphasis on forest recreation. Similarly, it was decided to redirect private grant 
aid to planting schemes that met these objectives; existing grant schemes were closed and replaced, the 
following year, by a new Dedication Scheme (Basis III), which essentially removed the previous ‘perpetuity’ 
covenant. Unfortunately, there was no maintenance grant for planting and grant recipients were obliged to 
discuss arrangements for public access with their local authority. This had a serious impact on applications, 
with Dedication falling from 24,000 hectares in 1972 to a mere 9,000 in 1977 (Pringle, 1994; Richards, 
2003). 
Forestry and Woodland Grant Schemes 
The Forestry Act of 1981 was introduced against a background of economic recession, advocating disposal 
of part of the forest estate to reduce Treasury Grant in Aid: by 1985 some £82 million had been realised 
(Sheldon, 1985). At the same time, the Dedication and Small Woods schemes were closed to make way 
for a new Forestry Grant Scheme (FGS), with less costly administrative and legal procedures, in a bid to 
reinvigorate private planting. The Wildlife and Countryside Act, also of 1981, acted as a catalyst for public 
concerns over the environmental effects of coniferous afforestation, especially on semi-natural habitat in 
the uplands, as well as impinging on the work of the Commission in a number of areas (Rossi, 1985). The 
Wildlife and Countryside (Amendment) Act 1985, therefore amended previous Forestry Acts to include a 
duty to achieve a reasonable balance between “the development of afforestation, the management of 
forests and the production and supply of timber; and the conservation and enhancement of natural beauty 
and the conservation of flora, fauna and geological of physio-graphical features of special interest”. At the 
same time a new broadleaves policy was announced, “to maintain and enhance the value of Britain’s 
broadleaved woodlands for timber production, landscape, recreation and nature conservation”; the launch 
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of a new Broadleaved Woodland Grant Scheme (BWGS), to run alongside the coniferous FGS, was a key 
element of this policy (Younger, 1985). 
The increased public profile of forestry at this time also elicited public indignation over the taxation 
arrangements for private forestry, which were seen by many as a tax loophole for the rich. The 1988 
Budget addressed these concerns by entirely removing forestry from the scope of Income Tax and 
Corporation Tax (Finance Act 1988). The net effect of these changes was a dramatic shift from coniferous 
to broadleaved planting, reinforced in 1988 by the replacement of both the FGS and BWGS with a single 
Woodland Grant Scheme (Mark I). Initially, like its forbears, the WGS only provided grants for new 
planting and restocking, either by replanting or natural regeneration. However, the Farm Woodland 
Scheme (FWS) was introduced alongside it, providing an annual grant to compensate farmers for income 
forgone due to planting on agricultural land. The amount and duration of grant varied according to the type 
of land and planting but essentially provided support until saleable timber could be produced (S.I. 
1988/1291). In 1992, the concept of an annual grant was extended to general woodland management, 
with the introduction of the WGS (Mark II), which provided standard and special management grants to 
encourage good silvicultural practice and maintain the nature conservation, recreation and landscape 
values of individual woods. The environmental value of new planting was also improved by including 
allowances for 20% open space and 10% woody shrubs in new woodlands. At that time, the FWS was also 
replaced with the Farm Woodland Premium Scheme (FWPS), which offered improved grant rates and 
fixed terms. These enhancements were consolidated and extended with the 1994 WGS (Mark III) and 
more recently by the introduction of Woodland Improvement Grants (1995 & 1996) and Challenge Funds 
(1996) (see Subsection 1.1.2 for more details). 
Regionalisation 
Since the 2002 review of the WGS in Scotland, and its replacement in 2003 by the Scottish Forestry Grant 
Scheme (SFGS), there has been increasing regionalisation of Forestry Commission grants within Great 
Britain (Scottish Executive, 2002). England followed in 2005 with the introduction of the English Woodland 
Grant Scheme (EWGS), and 2006 saw the introduction of Better Woodlands for Wales (BWW) (Forestry 
Commission, 2005a & 2006). The EWGS goes one stage further than the other schemes, and introduces 
individual targets, grants and budgets for each of the nine English regions, albeit subject to certain national 
targets. None of the new schemes represents a radical change from the aims and operation of the WGS, 
with the major difference being an increased focus on regional priorities, as well as environmental and 
public benefits, and the formalisation of the application process. 
NB: This research project commenced in October 2000, prior to the closure of the WGS to new 
applicants. Many WGS agreements are still in force throughout Great Britain, and the replacement 
schemes represent an evolution of its aims and operation. The WGS will therefore be the focus of this 
thesis, and the implications of its replacement are considered in Chapter 7. 
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1.1.2 Scheme operation 
Administration 
In its final form, the Woodland Grant Scheme provides landowners with financial incentives to create and 
manage woodland; specifically, its aims, as stated by the Forestry Commission (2003a), are: 
• To encourage people to create new woodlands and forests to: 
- Increase the production of wood; 
- Improve the landscape; 
- Provide new habitats for wildlife, and 
- Offer opportunities for recreation and sport; 
• To encourage good management of forests and woodlands, including well timed regeneration, 
particularly looking after the needs of ancient and semi-natural woodlands; 
• To provide jobs and improve the economy of rural areas and other areas with few sources of 
economic activity; and  
• To provide a use for land instead of agriculture 
Woodland Grant Scheme agreements run for 5 years and the Scheme is open to all landowners and 
leaseholders throughout Britain. The application process begins with a discussion of preliminary plans with 
Woodland Officers, at Conservancy or Local Area Offices, at least 3 months before work is planned to 
start. Applicants are advised to seek professional help in drawing up their application, and consultation 
with affected neighbours is encouraged. Completed applications are submitted to the local office where a 
Woodland Officer will usually arrange a site visit to assess the application. In some cases an Environmental 
Impact Assessment or a Felling Licence may be required as part of the application process. Assuming the 
proposals are compatible with the aims of the Scheme, then ‘Firm Proposals’ are reached and a final 
decision is made on the application, although further consultation with local authorities and other statutory 
organisations may be required for some applications. Once accepted, contracts are signed and work may 
begin; amendments to the contract are possible if approved by the local office. Payment of grants is not 
necessarily automatic; they must usually be claimed by submitting a form, but reminders are sent out 
(Forestry Commission, 2003b). Compliance checks, to ensure work has been completed to a satisfactory 
standard, may be conducted by Woodland Officers prior to paying grants, with payment withheld if work 
is not up to standard. The Farm Woodland Premium Scheme runs alongside the WGS and provides 
ongoing annual payments to farmers who plant new woodland, as compensation for income forgone. The 
FWPS is operated by Defra but successful application for a WGS planting grant is a prerequisite for FWPS 
entry. 
New planting 
Grant rates for new planting are £700 per ha for conifers and £1350 per ha for broadleaves where the 
planting area is less than 10 ha, and £700 per ha for conifers and £1050 per ha for broadleaves if more 
than 10 ha is being planted. The first payment of 70% is made immediately following planting, with the 
remaining 30% paid at the end of the 5-year contract. In addition, there are a number of supplementary 
payments, including: a Better Land Contribution of £600 per ha for planting on arable land or improved 
grassland; the Community Woodland Contribution of £950 per ha for the creation of woodlands that will 
provide informal public recreation within 5 miles of a settlement where there are few other woodlands 
available for recreation; and the Community Forest Premium of £600 per ha for planting in Community 
Forest areas. Planting grants for short rotation coppice are also available at £400 per ha for set-aside land 
and £600 per ha for other land. A planting rate of 2250 trees per ha is required for the full planting grant to 
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be paid. However, for broadleaves this may be reduced to 1100 trees per ha in certain circumstances, 
such as: small scale planting of less than 3 ha; where broadleaves are an amenity component of coniferous 
planting; and for planting New Native Woodlands. Up to 20% of the planting area can be left as open 
ground to create rides and glades, whilst a further 10% of the area may be planted with woody shrubs 
rather than trees. Native pinewoods in Scotland receive broadleaf grant rates, as does planting of 
traditional coppice. Natural regeneration and direct seeding are also supported as establishment methods, 
with a discretionary payment of 50% of the costs of the initial work, followed by a fixed payment once 
adequate stocking is achieved. In England, new planting applications are subject to discretionary entry via a 
scoring form designed to select proposals that best meet the aims of the England Forestry Strategy. Points 
are awarded for contributions to the rural development, economic regeneration, recreation, access and 
tourism, and environment and conservation aims of the Strategy; with extra points awarded for landscape 
enhancement, planting larger areas and joint FWPS/WGS applications. Each year there are two application 
rounds, at the end of May and October, for which a threshold score is set that applications must achieve 
to be accepted. At the introduction of the scoring system in February 2000, the threshold score was set at 
7 points but by October 2002, it had risen to 11 points, and applications scoring 13 points or more were 
fast-tracked. The theoretical maximum score is 38. 
Woodland Management 
Entry to the woodland management options of the Scheme is technically discretionary in as much as 
applications must be compatible with the aims of the Scheme. In practice, however, the aims are open to 
interpretation and applications are rarely refused; typically, alterations are made to bring proposals more in 
line with Scheme aims. Three basic types of management grant are available: restocking, annual 
management and woodland improvement. The restocking grant pays £325 per ha for conifers and £525 
per ha for broadleaves and native pinewoods, with respective stocking densities of 2250 and 1100 trees 
per ha. Restocking by natural regeneration attracts a discretionary payment of 50% of the cost of the initial 
work, followed by a final payment, at normal restocking rates, once adequate stocking has been achieved. 
The annual management grant is the most flexible of the grants, paying £35 per ha per year for a range of 
activities that improve woodlands or provide public benefits. Typically, this may include invasive species 
control, uneconomic thinning or coppicing, and maintaining or enhancing public rights of way. Woodland 
Improvement Grants are offered in three areas: Project 1 for providing informal public recreation in 
woodlands; Project 2 for bringing undermanaged woods back into management; and Project 3 for specific 
work to assist biodiversity conservation in line with the UK Biodiversity Action Plan. All WIG Projects are 
funded on a discretionary basis and pay 50% of the agreed costs. 
Challenge Funds 
Challenge Funds were launched in 1996 to provide tender based, discretionary funding that could be 
targeted to specific issues and areas throughout Britain, complementing the WGS. Challenge Funds can be 
for new planting or woodland management, typically along similar lines to the Woodland Improvement 
Grants, and they can run for up to 5 years. In England, the first Challenge Fund was the 1996 Butterfly 
Challenge, which ran for 3 years to encourage management of woods in lowland England for the benefit of 
rare butterflies, principally by coppicing and ride management (Forestry Commission, 1997). In 1997, a 3-
year Native Woods in National Parks Challenge was launched to encourage planting to New Native 
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Woodlands standards in National Parks; this was extended for a further year in 2000 and again in 2001, 
planting some 1300 ha in English and Welsh National Parks. The South West Forest Challenge was 
established in 1999 to encourage new planting that stimulates and supports farm businesses and enhances 
the landscape. Initially running for three years, it was extended for another three in 2001. The Jigsaw 
Challenge, launched for five years in 2000, is perhaps the most ambitious to date, operating in one area 
within each Conservancy. The aim of the Challenge is to utilise new planting to expand and link ancient 
woodland fragments to provide a more coherent and robust woodland habitat network. In its first two 
years, some 465 ha of woodland were planted (Forestry Commission, 2002a & 2003c). However, not all 
Challenge Funds are concerned with conservation, landscape and economic regeneration aims; a number 
of Challenges in Scotland and Wales, such as the 1997 Grampian Forest and Bracken Land Challenges, 
have been primarily commercial in nature (Forestry Commission, 1998a). Alongside Challenge Funds, the 
Forestry Commission also operates a Locational Supplement, through the WGS, to provide extra 
incentive for specific activities in target areas. For example, in the National Forest and South West Forest, 
Locational Supplements provide additional payments to encourage new woodland planting (Forestry 
Commission, 2000a & 2002a). 
1.1.3 Nature conservation 
History 
In 1945, building on earlier work, the British Government set up the Huxley and Hobhouse Committees to 
address the problem of nature conservation in post-war Britain (Nature Reserves Investigation Committee, 
1943; British Ecological Society, 1944; Dower, 1945). Reporting in 1947, these committees laid the 
foundations for nature conservation in Britain, recognising a twin approach in which scientific activity would 
develop alongside aesthetic and recreational concerns (Huxley, 1947; Hobhouse, 1947). The National 
Parks and Access to the Countryside Act 1949 put this approach into action; the Nature Conservancy was 
established as the statutory body in Britain responsible for scientific nature conservation by way of 
designating National Nature Reserves and Sites of Special Scientific Interest; whilst the National Parks 
Commission was established as the body responsible for the aesthetic and amenity side of nature 
conservation by designating National Parks and Areas of Outstanding Natural Beauty. British nature 
conservation remained predominantly site based until the Wildlife and Countryside Act 1981 consolidated 
earlier legislation into a coherent and wide ranging policy on nature conservation, providing specific 
protection for many species and reinforcing protected area designations. In 1994, ‘Biodiversity: The UK 
Action Plan’ (UKBAP) (Cm 2428) and its subsequent Species and Habitat Action Plans, published in 
response to the 1992 Convention on Biological Diversity, moved nature conservation to a new level: much 
greater emphasis was placed on sustainable management of natural resources and non-reserve based 
conservation of threatened species and habitats. 
Role of land management schemes 
Implementing the UKBAP poses significant problems because protected species legislation and protected 
area designations can only minimise direct harm, whilst alternate mechanisms to conserve species and 
habitats and minimise indirect harm are still in their infancy. It is the protectionist history of British nature 
conservation and a flawed view of farmers and foresters as guardians of the countryside that has led to this 
problem. Agriculture and forestry are the major land uses in Britain and therefore their land management 
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practices are the main driver of change for wild species and habitats. The break-up of the great estates, a 
shift to arable production and gradual agricultural mechanisation in the early 20th Century were viewed as 
beneficial to wildlife (Sheail, 1995); however, following the Second World War, agricultural research and 
development, as well as ‘improvement’ grants to farmers, resulted in increasing agricultural intensification 
and the commercialisation of forestry. The effects of this were the abandonment of traditional 
management practices and the degradation of semi-natural habitats, with consequent detrimental effects 
on native species (McLaughlin & Mineau, 1995; Chamberlain et al, 2000; Macdonald & Johnson, 2000; 
Robinson & Sutherland, 2002). The Broads Grazing Marsh Conservation Scheme, introduced in 1985, 
represented the first attempt to limit ecologically harmful agricultural practices, namely the draining and 
cultivation of the Halvergate Marshes, and reinstate traditional management (Colman, 1988). The 
Agriculture Act 1986 took this approach further by establishing Environmentally Sensitive Areas (ESA) in 
England and Wales. It was recognised that incentives to promote traditional, ecologically sound 
management would be more appropriate and effective at ameliorating agricultural damage and restoring 
degraded habitats than a protectionist conservation approach. However, the ESA scheme is restricted to 
certain areas of the country; it was not until 1991 and the introduction of the Countryside Stewardship 
Scheme (CSS) that incentives for ecologically sound agriculture and habitat restoration became available 
nationally (Rebane & Tucker, 1997). 
In forestry, it was the 1985 Wildlife and Countryside (Amendment) Act that was the driver for change. 
The subsequent Broadleaves Policy ended the traditional commercial orientation of forestry incentive 
schemes and introduced nature conservation as a key aim, mirroring the changes in agriculture brought 
about by the recently introduced agri-environment schemes. Indeed, the WGS is now technically an agri-
environment scheme under the auspices of Defra’s England Rural Development Programme (ERDP), 
although it is still administered by the Forestry Commission. Agri-environment schemes, including the 
WGS, and the ecologically sound management and restoration they propose are therefore a major 
mechanism for conservation beyond reserves (Bignal & McCracken, 1996; Ovenden, Swash & Smallshire, 
1998; Kennedy, Thomas & Glueck, 2001). The UKBAP, in its many Species and Habitat Action Plans, 
frequently cites the WGS, and other agri-environment schemes, as key mechanisms for achieving its 
targets. Similarly the WGS, as the main incentive scheme for woodland creation and management in 
England, has a critical role to play in achieving the forestry related conservation aims of the UK Forestry 
Standard, England Forestry Strategy and ERDP (Forestry Commission, 1998b & 1998c; MAFF, 2000). 
Value of management 
Traditional forestry and agricultural practices are responsible for the maintenance, and even creation, of 
nature conservation interest in many semi-natural habitats (Bignall & McCracken, 1996; Peterken, 1996; 
Baudry, Bunce & Burel 2000). Although the WGS does not necessarily enforce traditional, ecologically 
sound management (coppicing excepted), all of its planting and management options have the potential to 
provide nature conservation benefits. The creation of new woodlands under the Scheme can have 
significant environmental benefits, provided planting does not destroy other valuable habitat; although it 
may take many years to realise the full benefit (Usher, Brown & Bedford, 1992; Humphrey et al, 1999). 
Careful choice of native trees, ideally from local stock, or the use of natural regeneration are important to 
maximise benefits (Soutar & Spencer, 1991); as is the inclusion of well planned open space and woody 
shrubs, both provided for under the Scheme (Harmer, 1999). The location of new woodlands can benefit 
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biodiversity by extending or buffering valuable woodlands and reinforcing the woodland habitat network 
(Buckley & Fraser, 1998). Felling and restocking ensures continuation of the woodland regeneration cycle, 
which is not necessarily assured in highly fragmented and irregularly disturbed British woodlands (Peterken, 
1999). Patchy felling and restocking maximises woodland age-class diversity, enhancing biodiversity through 
the range of successional habitats present. Restocking by natural regeneration offers the greatest 
biodiversity benefits. Thinning woodland allows more light to penetrate the canopy and encourages field 
layer and understorey development, benefiting species that use those habitats (Peterken, 1996). Coppicing 
creates regular, patchy temporary open space within woodlands, encouraging large localised increases in 
biodiversity, and providing valuable habitat for a range of species (Buckley, 1992). Annual Management and 
Woodland Improvement Grants also fund other activities of benefit to biodiversity, such as ride and glade 
management, and invasive species control; their flexibility also allows specific conservation issues in 
individual woods to be addressed. 
1.1.4 Monitoring and evaluation 
Requirement 
The Rural Development Regulation (EC No 1257/1999) requires ex-ante, mid-term and ex-post evaluation 
of all national schemes that are operated under its remit, including the ERDP, as described in Regulation 
EC No 1260/1999. This represents a continuation of the monitoring and evaluation that has formed part 
of agri-environment schemes since their inception (Agriculture Act 1986), and part of woodland schemes 
since the 1985 Broadleaves Policy (Forestry Commission, 1986). Indeed, the mid-term review of the ERDP 
was largely based on such previous evaluation work (ADAS & SQW, 2003). There is a disparity, however, 
between agri-environment and woodland schemes, with the former having undergone considerably more 
thorough monitoring and evaluation than the latter. Certainly, with regard to the maintenance and 
enhancement of environmental interest, there have been major studies for the ESA and CSS but very little 
for the WGS (see Section 2.2). 
ESA monitoring programme 
The ESA monitoring programme commenced with the designation of the first ESAs in 1987 and continued 
until 2003, generating at least 69 reports covering all 22 ESAs. Performance Indicators, based on scheme 
objectives and uptake, were assessed via a survey programme covering wildlife (botanic and faunal), 
landscape, and the historic environment. The exact scope, detail and timing of survey work varied from 
area to area; however, all took the general approach of a baseline survey shortly after designation, 
followed by a three-year survey period with a review at the end. Stage I and II ESAs were subject to a 
further four-year survey period following the initial review. The results of the programme, summarised in 
Table 1.1, suggest that whilst the ESA scheme is successfully maintaining the wildlife, landscape and historic 
interest of the areas, enhancement of that interest is limited, and failures can occur. Indeed, only about 
50% of Stage I Performance Indicators were met, falling to 40% for Stage II and III, and only 25% for Stage 
IV; although, some of this is due to limited or no resurvey, especially for Stage IV ESAs. Similarly, a lack of 
controls made assessing scheme additionality difficult, particularly with regard to the maintenance of 
environmental value (Ecoscope, CPM & CJC, 2003). 
1.1 The Woodland Grant Scheme 
27 
Table 1.1: Summary of ESA monitoring programme findings – maintenance and/or enhancement of 
botanic (B), faunal (F), historic (H) and landscape (L) features ([blank], no change; +, positive 
change; -, negative change; (+) or (-), mostly positive or negative change; () neutral change) 
ESA (survey, resurvey) B F H L Overall Reports 
Stage I (1987-90, 1991-95)       
Broads (I) +  + () (+) ADAS, 1996a-f 
Pennine Dales (I) + + + - (+) ADAS, 1996g-k 
Somerset Levels & Moors (I) (+) + (+) (-) (+) ADAS, 1996l-q 
South Downs (I) +  + () + ADAS, 1996r-u 
West Penwith (I)    (-)  ADAS, 1996v-y 
Stage II (1988-91,1992-96)       
Breckland (II) ()  + - (+) ADAS, 1997a-e 
Clun (II) -  + + + ADAS, 1997f-i 
North Peak (II) +   (+) + ADAS, 1997j-m 
Suffolk River Valleys (II) +   () (+) ADAS, 1997n-q 
Test Valley (II) -  + (-) () ADAS, 1997r-u 
Stage III (1993-96, none)       
Avon Valley (III)  -  (-) - ADAS, 1997v 
Exmoor (III) () +  + (+) ADAS, 1997w 
Lake District (III)   - + () ADAS, 1997x 
North Kent Marshes (III)   + () () ADAS, 1997y 
South Wessex Downs (III)  + + + + ADAS, 1997z 
South West Peak (III) (-) -  + (-) ADAS, 1997aa 
Stage IV (1994-97, none)       
Blackdown Hills (IV)    (-)  ADAS, 1998a 
Costwold Hills (IV)    (-) (-) ADAS, 1998b 
Dartmoor (IV) -    - ADAS, 1998c 
Essex Coast (IV)   + + + ADAS, 1998d 
Shropshire Hills (IV) -    (-) ADAS, 1998e 
Upper Thames Tributaries (IV)  (-) + + (+) ADAS, 1998f 
CSS monitoring programme 
The CSS monitoring programme was commissioned by MAFF in 1997 and ran for three years; it 
comprised two main ‘modules’ and three special investigations (Carey et al, 2000a). Module 1 surveyed 
484 new CSS agreements spread throughout the 12 CSS landscape types, assessing them for: agreement 
negotiation, appropriateness, environmental effectiveness, compliance, side effects, and additionality. 
Module 2 assessed the ecological quality of 451 agreements dating from 1991 to 1997, establishing a 
baseline for future monitoring and providing information on BAP habitats in agreement land (Carey et al, 
2000b). Overall, the scheme was judged potentially successful at maintaining and enhancing environmental 
value, with less than 10% of agreements being ineffective, and average assessment scores increasing from 
1997 to 1999 (Table 1.2). Levels of additionality were similarly judged to be high or medium for 58% of 
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agreements in 1997, rising to 76% in 1999. The scheme was also successful in targeting low-fertility 
grassland, as well as BAP Priority Habitats, which formed 15% of agreement land. Despite these ‘potential’ 
benefits, the monitoring programme lacked the necessary resurvey work to demonstrate real scheme 
success in all but a few limited cases; most notably the recovery of the cirl bunting in Devon (Peach et al, 
2001). 
Table 1.2: Summary of CSS agreement scores for agreement negotiation (N), appropriateness (A), 
environmental effectiveness (E), compliance (C), side effects (S); scores were determined 
subjectively by an expert panel based on the comparative success or failure of the agreement in 
several predefined areas; the scale ranged from complete failure -5 to total success +5. 
Landscape type N A E C S Mean Report 
1997      1.8  
Educational access 1.6 2.1 2.3 2.7 0.9 1.9 Curry & Short, 1998 
Countryside around towns 1.9 2.2 1.8 2.7 0.7 1.9 Finch, 1998a 
Upland 1.4 1.7 1.8 2.3 0.6 1.6 Carey, 1998 
Waterside 1.0 2.2 2.2 2.5 1.3 1.8 Finch, 1998b 
1998      1.8  
Coastal 1.7 2.1 2.5 0.8 0.8 1.6 Priscott, 1999 
Calcareous grassland 1.5 2.2 2.4 3.2 0.9 2.0 Short, 1999 
Lowland heath 1.8 2.0 2.7 3.2 0.9 2.1 Carey, 1999 
Historic landscape 1.2 1.4 1.9 2.8 0.6 1.6 Finch & Hunt, 1999 
1999      2.3  
Arable margin 2.4 2.1 2.1 3.8 0.7 2.2 Carey, 2000 
Field boundary 2.6 2.1 2.6 3.3 0.8 2.3 Routh, 2000 
Old meadow and pasture 2.4 2.6 3.1 3.7 0.7 2.5 Morris & Short, 2000 
Orchard 2.8 2.3 2.6 3.1 0.7 2.3 Hunt, 2000 
Monitoring and evaluation constraints 
As highlighted by the ESA and CSS monitoring programmes, there are considerable difficulties in detecting 
actual environmental changes brought about by land management schemes, even with well resourced, 
long-running national assessment programmes. That these comparatively young schemes have failed to 
produce all the benefits envisaged is perhaps not surprising; and with occasional failures, highlights the need 
for comprehensive monitoring and evaluation. The resources this requires, however, are significant and 
incompatible with limited Rural Development funding. The ERDP Mid-Term Evaluation took the 
parsimonious approach of utilising data from existing scheme monitoring programmes, coupled with 
financial and uptake statistics, to examine the initial results of the programme. New data were only 
gathered where absolutely necessary, via questionnaire surveys of beneficiaries and non-beneficiaries 
(ADAS & SQW, 2003). This kind of economical approach to monitoring and evaluation was strongly 
endorsed by the 2002 review of methodologies for botanical monitoring of agri-environment schemes, 
which recommended the use of Rapid Condition Assessment as an alternative to more traditional, 
resource-intensive techniques (Critchley et al, 2002). 
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1.2 Problem statement 
The Woodland Grant Scheme, along with other England Rural Development Programme schemes, 
represents a major mechanism for nature conservation beyond protected area and species legislation. 
Despite the scheme’s dual aims of timber production and nature conservation, and its historical bias 
towards commercial forestry, WGS operations have the potential to provide significant biodiversity 
benefits. Current UK nature conservation policy, as set out in the Biodiversity Action Plan, already cites 
these schemes as mechanisms for achieving species and habitat targets. However, whilst other ERDP 
schemes have been run as experiments with extensive, detailed assessment of their effectiveness, the 
WGS has not. This presents a serious problem for the ultimate success of the WGS, and the UKBAP, 
because without regular assessment and review, the adequacy and appropriateness of scheme measures 
cannot be assured. Indeed, such monitoring and evaluation is required under its funding by the Rural 
Development Regulation. Furthermore, the limited effectiveness of agri-environment schemes, as 
determined by their assessment programmes, also raises doubts over the potential effectiveness of the 
WGS. 
An active assessment programme for the WGS would therefore be of benefit to the scheme, 
strengthening its role as a delivery mechanism for the UKBAP; however, implementing such a programme 
is problematic. Detailed ecological surveying, with adequate resurvey, is time consuming and labour 
intensive; whilst desk and questionnaire based studies, although less resource-intensive, provide insufficient 
information to assess environmental change, even with field-based compliance monitoring (Entec, 1996). 
With limited ERDP funding, it is essential that spending on evaluation be kept to the minimum level 
required to fulfil the requirements of the Rural Development Regulation. The Forestry Commission is 
fortunate in having many skilled Woodland Officers at its offices throughout Britain. Application 
assessments and compliance checks are already conducted on WGS agreements, and there is potential to 
expand this to include an element of monitoring and evaluation, offering a low cost solution to the 
problem of WGS assessment. Targeting WGS operations to specific conservation priorities and areas 
would further strengthen the scheme’s UKBAP role. The Forestry Commission has already taken steps to 
better target the WGS by introducing Challenge Funds, Woodland Improvement Grants, and discretionary 
entry for new planting in England. The effectiveness of these measures must also be assessed, and options 
for further targeting investigated. 
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1.3 Thesis aims and outline 
To address this problem of limited WGS assessment restricting its UKBAP role, the thesis will: 
1. Aim to develop a novel monitoring and evaluation protocol for the Woodland Grant Scheme;  
and utilising that protocol, 
2. Aim to investigate the effectiveness of the WGS at conserving biodiversity. 
The thesis adopts the following structure in order to address these aims: 
Chapter 1 detailed the background of the WGS and its potential as a major method for achieving certain 
aims of the UKBAP (1.1). The constraints on this role due to limited monitoring and evaluation were 
highlighted, the problem statement formulated (1.2), and the aims of the thesis defined (1.3). 
Chapter 2 comprises a review of relevant literature to inform development of the Protocol. A review of 
previous WGS monitoring and review highlights evaluation deficiencies and defines areas the Protocol 
must address (2.1). A review of woodland biodiversity identifies the components that may be surveyed, 
provides a frame of reference for assessing WGS effects, and suggests what those effects may be (2.2). 
Finally, a review of woodland survey methods identifies the most appropriate techniques to incorporate 
into the Protocol (2.3). 
Chapter 3 develops the novel Protocol for WGS monitoring and evaluation, utilising a rapid condition 
assessment approach for monitoring (3.1) coupled with a biodiversity Index for evaluation (3.2). 
Predictions are made about the expected response of the Protocol and Index in order to aid their 
verification. A case study approach is justified for testing the Protocol and Index, with Kent selected as the 
case study area. Data collection and field survey strategies are planned, and information presented on the 
WGS agreements selected for survey (3.3). 
Chapter 4 presents the results from the case study survey (4.1) and the initial calculation of the Index (4.2). 
Chapter 5 describes the first stage of the analysis of the case study data, addressing Aim 1 through a 
process of verification and refinement of the Protocol (5.1) and Index (5.2). Revisions to the Protocol and 
Index are then discussed (5.3). 
Chapter 6 addresses Aim 2 by using the case study data to examine the performance of the WGS in Kent. 
The effects of WGS management on biodiversity are assessed (6.1), the value for money provided by the 
scheme considered (6.2) and current targeting mechanisms evaluated (6.3), before the Scheme’s overall 
impact is discussed (6.4). 
Chapter 7 begins by reprising the Problem Statement and the approach taken to address it (7.1). The 
novel Protocol and Index are appraised with their practical application and research contribution 
considered (7.2). The efficacy of the WGS is then discussed and the implications of its replacement 
considered (7.3). Finally, conclusions are drawn on the success of the thesis in addressing its aims and areas 
for further research are suggested (7.4). 
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2 Literature Review 
Chapter 1 defined the central problem of the thesis: that inadequate monitoring and evaluation of the 
WGS limits its UKBAP role. Chapter 2 reviews three areas of literature to inform the development of a 
novel assessment protocol for the WGS that will seek to address this problem. Firstly, WGS assessment is 
reviewed in order to identify weaknesses in pre-existing work and lessons that may be learned from it; 
secondly, components of woodland biodiversity and the effects management may have on them are 
examined to inform the scope of a novel assessment protocol; and thirdly, a range of woodland survey 
techniques are reviewed to determine those which may be of value to the protocol, given the constrained 
resources available. 
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2.1 Woodland Grant Scheme assessment 
2.1.1 WGS review 
Introduction 
For the WGS to succeed in its aims the scheme must be effective, efficient and regularly reviewed. Scheme 
effectiveness derives from having well designed management and properly implemented planting 
prescriptions that produce desirable results. Scheme efficiency derives from good administration, 
appropriate uptake, value for money, and good additionality. Regular reviews allow assessment of progress 
towards aims; highlight design, implementation and efficiency problems; and inform reviews of scheme 
aims. The principle of WGS review is well established in policy and law: the 1985 Broadleaves Policy 
advises three-yearly reviews of the operation and effectiveness of forestry measures (Forestry Commission, 
1986); whilst the Rural Development Regulation (EC no. 1257/1999), from where WGS funding is derived, 
requires regular reviews of all rural development plans throughout the EU. 
Since its introduction in 1988, the WGS in England has undergone three major reviews: the Broadleaves 
Policy Review 1990, the Forestry Review 1994 and Sustaining England’s Woodlands 2004. Each review has 
resulted in significant changes to the WGS but the most recent review has been the most far reaching, 
taking on board the language and policies of the UK Forestry Standard and England Forestry Strategy, and 
becoming more closely integrated with the ERDP. Similar reviews occurred in Scotland and Wales, prior 
to the introduction of the devolved Scottish Forestry Grant Scheme (2003) and Better Woodland for 
Wales (2006), but are beyond the scope of this research and will not be considered further. The review 
methodologies used are typically desk-based exercises considering the effectiveness of the current form of 
the scheme with regard to forestry policy, whilst also considering statistical data on uptake and grant rates 
with regard to the current economic climate. Consultation with interested parties, typically organised by a 
review group, plays a critical part in the review process. 
Broadleaves Policy Review 1985 
The Forestry Commission announced their Broadleaves Policy in July 1985 to ensure that ‘the broadleaved 
character of the well-wooded parts of the country is maintained and improved and to see broadleaved 
woodlands established in areas where they are scarce’. This policy, in development for over two years, 
marked a major shift in Commission policy away from coniferous afforestation, at least in the lowlands. 
Specifically, the policy encouraged ‘the greater use of broadleaved woodlands generally for conservation, 
recreation, sport and landscape’, and aimed to ensure that ‘the special interest of ancient semi-natural 
woodlands is recognised and maintained’ (Forestry Commission, 1986). A direct result of this policy was 
the introduction of the Broadleaved Woodland Grant Scheme for the creation and restocking of 
broadleaved woodlands, to run alongside the existing Forestry Grant Scheme for coniferous planting. 
The Policy also made a commitment to conduct triennial reviews of forestry measures, the first of these 
being ‘Broadleaved Policy – Progress 1985-1988’ (Forestry Commission, 1988). The key finding of the 
review was the need to encourage good multi-purpose management of broadleaved woodland, and its 
primary action was to amalgamate the FGS and BWGS to form the new Woodland Grant Scheme (Mark I), 
whilst finally closing the Dedication scheme. However, the 1988 Finance Bill overshadowed the report, by 
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introducing radical changes to the tax regime for forestry, which arguably had a much greater impact on 
private forestry than the grant-aid changes. The Bill removed forestry from the scope of income tax and 
capital gains tax but at the same time ended tax relief for forestry expenditure. This was a politically 
popular move because of a few high-profile cases of wealthy individuals investing in forestry as a means of 
tax avoidance. However, despite transitional arrangements (put in place until 1993) and the new Farm 
Woodland Scheme (FWS) designed to compensate farmers for income-forgone from woodland creation, 
the effects on coniferous planting were devastating and there was now less incentive to properly manage 
woodlands, especially those of little commercial value. 
The 1990 Broadleaves Policy Review sought to address this problem through the introduction of 
management grants into a revised WGS (Mark II, launched April 1992), and by replacing the FWS with the 
Farm Woodland Premium Scheme (FWPS), which offered higher payment rates although planting grants 
remained unchanged. Standard management grants were made available to all recently planted woodlands, 
up to 20 years old for conifers and 40 years for broadleaves, following the initial 10-year establishment 
phase; whilst special management grants were introduced for all woodlands of special environmental value, 
with particular emphasis on ancient and semi-natural woodlands. The Broadleaves Policy was a success, 
with an increase in broadleaved planting from 9% of total grant-aided planting in 1984-85 to 17% in 1988-
89. The reversal of broadleaved woodland loss, as well as a considerable decrease in the loss of ancient 
and semi-natural woodlands were also great steps forward (Rifkind, 1990). 
Forestry Review 1994 
The 1994 review of forestry policy took place against a background of investment in the timber industry, 
falling rates of Forestry Commission planting, the end of the transitional tax arrangements for forestry, and 
debate over the privatisation of the Commission (Lord Taylor of Gryfe, 1995). The Forestry Review 
Group was established in March 1993 to consider the future of the Forestry Commission and government 
support for private forestry. Following an extensive consultation process, the Group published its 
conclusions in a report entitled ‘Our Forests – The Way Ahead: enterprise, environment & access; 
conclusions from the Forestry Review’, which was then issued to selected individuals and organisations for 
further comment. On the 19th of July 1994, the Secretary of State for Scotland made a statement to 
Parliament outlining the conclusions of the Review (Lang, 1994). The approach of multi-purpose forestry, 
for amenity and environmental benefits not just timber production, received widespread support 
throughout the consultation. The Forestry Commission remained in public ownership although there were 
significant changes to Forestry Enterprise: it was reconstituted as a Next Steps Executive Agency, operating 
as a trading body at arm’s length from the rest of the Commission, with ‘demanding but deliverable’ 
performance measures. Since its reformation, Forest Enterprise has contributed significantly to forest 
nature conservation: it is the single biggest contributor to the UKBAP; all 180 of its English SSSIs are 
managed under plans agreed with English Nature; and it conducts a wide range of nature conservation 
projects each year (Forest Enterprise, 2000). 
The review also considered changes to the WGS (Mark III) that would improve the effectiveness and 
delivery of the Government’s forestry policy objectives. One key change was to increase the grant for 
coniferous planting, as well as the Better Land Supplement (BLS) for conifers, to encourage greater 
planting. Broadleaf planting grants were simplified and increased slightly but the required stocking rates 
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were doubled, except for new native woodlands and small broadleaved woods, to improve timber quality. 
Restocking rates for both conifers and broadleaves were reduced, raising questions about the quality of 
future restocking. The management grant system was also simplified with the replacement of the standard 
and special management grants with an annual management grant, similar to the special management grant 
but with broader eligibility requirements. A number of new measures were also introduced to the WGS: 
grants for short rotation coppice in 1994 to bolster the pulpwood and biofuels industries; Woodland 
Improvement Grants in 1995, initially for public access and amenity but extended a year later to encourage 
the management of ‘under managed’ woods, and to pay for specific woodland nature conservation 
projects; and in 1996, Challenge Funds to target specific access, management and conservation problems 
around the country with a competitive tender process to help ensure value for money is delivered. 
Sustaining England’s Woodlands 2004 
The most recent review of the WGS had been ongoing since April 2001 when, in response to a 
Parliamentary Question, the Forestry Minister directed the Forestry Commission to ‘review its support for 
the sustainable management of existing woodland in accordance with the priorities of the Government's 
Forestry Strategy for England and in the light of the UK Forestry Standard’ (Morley, 2001). The 
Commission established an independent Steering Group to conduct the review, comprising woodland 
owners and managers, and representatives from appropriate Government Departments and agencies. 
Nearly 400 people and organisations participated in a widespread public consultation process. Responses 
to the consultation document ‘Sustaining England’s Woodlands’ generally supported the current grant 
scheme arrangements. However, criticisms were raised over low payment rates and the complexity of the 
system; whilst interestingly, many participants said they considered the scheme a catalyst for management 
or even as ‘bridge funding’ during difficult periods, rather than a long-term solution to their woodland 
management problems. Concerns were raised over the Scheme’s bias towards new planting, and 
Challenge Funds received mixed reviews with many participants averse to the risk involved in applying and 
concerned about their long-term effectiveness. 
Based on the consultation responses, the Steering Group submitted a number of recommendations to the 
Forestry Commission about the future of the WGS.  Key among these was the fundamental reassessment 
of the WGS to improve support for sustainable forestry, with particular emphasis on simplifying 
administration, taking a long-term view of management, and increasing funds for existing woodlands. 
Increased support for the provision of public access and a more geographically flexible approach, to 
respond to local and regional needs, were also considered important. The Forestry Commission broadly 
accepted these recommendations and incorporated them into proposals for a consultation on a revised 
English Woodland Grant Scheme, eventually launched in 2005. The consultation resulted in a series of 
changes to the WGS, perhaps the most radical of these being the incorporation of the FWPS into a new 
Woodland Creation Grant. This grant continues current policy of selective entry but introduces increased 
payments for applications that meet priority objectives, as well as providing income-foregone payments to 
farmers. The Woodland Assessment Grant represents an important step forward for the Forestry 
Commission by providing a non-competitive, discretionary grant that will allow information to be gathered 
about a wood to improve management decisions. Similarly, the Woodland Management Planning Grant 
offers a flat rate grant per hectare for the preparation of management plans that meet UKWAS standards 
for sustainable management. The annual management grant continues little modified as the Woodland 
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Management Grant, and the Woodland Improvement Grant remains similar but with an increased degree 
of regional flexibility. Restocking grants are replaced by a Woodland Regeneration Grant, which pays a 
fixed percent of regeneration costs, rather than the previous flat rate. The new EWGS has been developed 
alongside Defra’s Environmental Stewardship scheme, and is intended to complement rather than 
compete with it. Small scale planting and management, where closely integrated with the overall 
management of the farm, is conducted under the Defra scheme and not the EWGS. 
2.1.2 WGS effectiveness 
Introduction 
WGS effectiveness derives from proper design and implementation of the scheme; unfortunately, Forestry 
Commission reviews have often paid scant attention to these issues. Changes to scheme design as a result 
of the review process are usually made in response to evolving forestry policy, with assessments of scheme 
performance limited to examining statistics on rates of planting and restocking, and reviewing the 
subjective opinions of a range of organisations and individuals, each with their own agenda for the scheme. 
Objective, independent reviews of WGS effectiveness are not common; only the FWS and FWPS have 
received significant attention, primarily because their assessment fell under the remit of Defra. John Clegg 
& Co et al (2002) is the most recent study to assess the WGS, although it was only concerned with 
woodland creation. However, the WGS has a significant role to play in achieving the aims of the England 
Forestry Strategy, UK Biodiversity Action Plan and the England Rural Development Programme. Therefore, 
studies such as the ERDP Mid-Term Evaluation (ADAS & SQW, 2003) and the Economic Analysis of 
Forestry Policy in England (CJC Consulting, 2003) can also provide information on the effectiveness of the 
WGS. 
The aims of the WGS are, briefly; to encourage new planting, ensure good management of existing 
woodlands, provide jobs and divert land from agriculture. The FWS had similar aims, seeking to: divert 
land from agricultural production; enhance the landscape; create wildlife habitat; encourage sport, 
recreation and tourism; contribute to the support of farm incomes and rural employment; encourage 
greater interest in timber production on farms; and in the longer term contribute to the UK’s timber 
requirements. Whilst the FWPS is rather less ambitious, merely aiming to: enhance the landscape, provide 
wildlife habitat, and provide a productive alternative use of agricultural land. From these aims, four major 
areas can be identified in which the WGS/FWPS must be effective: providing economic benefits, improving 
public amenity, ensuring good silvicultural standards, and conserving biodiversity. 
Economic benefits 
Economic benefits produced by the scheme fall into three categories: private, local economy and national 
economy. Several studies of the FWS and FWPS have considered the impact of the schemes on 
profitability of the participating farms; however, the results were complex and depended on the balance of 
arable verses grassland planting. Appleton & Crabtree (1991) and Gasson & Hill (1990) both reported 
significant losses from planting on agricultural land for all participants, although farms where planting was 
mostly on grassland did fare better. Entec’s study (1996) of the FWPS again demonstrated losses where 
planting was on arable land, however they found planting on grassland improved farm profitability. In all 
cases, expectations of future income from timber production and other sources were low to non-existent 
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(John Clegg & Co et al, 2002). Local economic benefits are more difficult to quantify, although the schemes 
do present opportunities for direct and indirect job creation in local forestry industries; however, large-
scale afforestation could potentially reduce labour requirements on individual farms. John Clegg & Co et al 
(2002) found low participant expectations of local economic benefits from the scheme (36%) but, as with 
Appleton & Crabtree (1991), there were no apparent job losses. Gasson & Hill (1990) reported small-
scale job creation in the forestry industry because of new planting but they also predicted some agricultural 
job losses. 
Effects on the national economy are derived from expenditure on the scheme and savings in agricultural 
subsidies due to removing land from production. As a means of removing agricultural land from production, 
the schemes have been a success. Gasson & Hill (1990) reported a decrease of 4,300 tonnes in cereal 
production on the 204 farms surveyed, as well as smaller reductions in other crops and a loss of grassland 
that supported 250 Grazing Livestock Units. However, in many cases, stocking rates were increased or 
grassland replaced to maintain livestock numbers. Entec (1996) confirmed reductions in arable output but 
did find some farmers increasing inputs on their remaining arable land; however, no increases in livestock 
numbers were found, and there were small decreases in some areas. The net cost of the FWS to the 
Exchequer was estimated at £58 ha-1 by Appleton & Crabtree (1991) and £97 ha-1 by Gasson & Hill (1990), 
indicating savings in agricultural subsidies mitigate up to about 70% of the cost of the scheme. Under the 
FWPS, grant rates are higher and agricultural support lower than for the FWS: CJC Consulting (2003) 
demonstrated that only 45% of the cost of the FWPS is mitigated, falling to 20% for WGS new planting. 
WGS management grants do not provide direct financial benefits to the Exchequer because private 
forestry is not otherwise subsidised. 
Public amenity 
Public amenity encompasses provision and maintenance of public access, provision of public recreational 
facilities and improvements to the local landscape. In a survey conducted by ADAS (Dyer, 2003a), 64% of 
WGS participants stated they did not allow public access in their woodlands and 73% stated they were not 
prepared to increase public access. FWS and FWPS participants commonly cite amenity and landscape as 
prime reasons for joining the scheme; however, this was primarily for private benefit (Gasson & Hill, 1990; 
Appleton & Crabtree, 1991). Indeed, Entec (1996) reported that only 10% of sites surveyed in England had 
provided any additional access or recreational facilities beyond the existing rights of way. The introduction 
of the Community Woodland Supplement (CWS) seems to have had a positive impact on the provision of 
public amenity. John Clegg & Co et al (2002), in a survey of WGS participants of which 47% were in 
receipt of the CWS, reported 63% of participants providing public access and 58% providing educational 
or recreational facilities. The Woodland Improvement Grant for public access (WIG1) has been rather less 
successful with only 7% of respondents in a survey by ADAS opting for the grant (Dyer, 2003a). Of those, 
most upgraded existing footpaths or constructed new ones, with a small minority providing additional 
recreational facilities. However, 38% of respondents stated they might increase public access if grant rates 
were higher. To date, there has been no general assessment of the landscape effects of the WGS (John 
Clegg & Co et al, 2002), although some studies of the FWS and FWPS have considered the landscape 
effects of new farm woodlands. Robertson Gould Consultants (1991) evaluated the design standards of 
FWS planting and concluded that most new woods provided some landscape benefits; however, half of the 
woods had design deficiencies in the form of angular boundaries, and the planting of small blocks, whilst 
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appropriate in an intimate landscape, was questionable in more open landscapes. Entec (1996) evaluated 
compliance of new FWPS woodlands with Forestry Commission landscape guidelines. On average, 
surveyed woodlands just met the required standard with some 20% being generally well designed; 
however, 15% had problems with geometric planting. 
Silvicultural standards 
The silvicultural effects of the scheme may be evaluated by considering the areas planted and brought 
under management, as well as the quality of those operations and the consequent effects on timber 
production. Under the seven-year life of the England Rural Development Programme, the WGS is targeted 
to manage 300,000 ha of established woodland, create 30,000 ha of new woodland, and plant 16,700 ha of 
short rotation coppice. Since the launch of the ERDP in 2000, some 101,100ha of established woodland 
had been brought under agreement by the end of March 2004 (Forestry Commission, 2005b).  At this rate 
only about 60% of the target will be met, although this data does not include management work carried 
out under Challenge Funds. Based on an average WGS uptake of 25,700 ha per annum for the eight years 
prior to 2004, the ERDP target would represent more than a 50% increase in the total area under WGS 
management in England. Therefore, given limited Forestry Commission funding for the scheme, failure to 
meet this target does not necessarily represent a failure of the scheme. 
Ascertaining the quality of this management, and the effect it may have on timber production is difficult. 
One potential indicator is the amount of woodland currently certified under the UK Woodland Assurance 
Standard as being sustainably managed. Currently some 1.2 million hectares of woodland in the UK are 
certified, equating to about 40% of the UK’s total woodland (UKWAS, 2007); however, there is no data 
on how many of those are WGS woodlands, and many small wood owners do not participate in the 
scheme. In any case, the WGS management is agreed in negotiation with the local Conservancy and should 
be sustainable. 
During the period 2000-2004, the WGS funded 21,400 ha of new planting, which if the trend continues will 
result in the ERDP target being exceeded by about 7,500 ha, although 1,200 ha of that was planted to 
New Native Woodlands standards (Dyer, 2003b), limiting the likely timber quality. In the WGS survey 
conducted by John Clegg & Co et al (2002), 80% of respondents stated that they would continue long-
term management of their new woodland but only 20% of them expected to receive any income, raising 
concerns about future timber production. Short rotation coppice fared poorly, with only 499ha being 
planted to September 2003, suggesting the target will be missed by over 15,000 ha. 
The ERDP targets for the FWPS are to plant 21,000 ha of farm woodlands, with 40% of it on arable land 
and 50% on improved grassland, whilst maintaining a minimum planting ratio of 4:1 broadleaves to conifers. 
FWPS planting since the start of the ERDP to the end of March 2003 was 12,016 ha, which if this trend 
continues will result in this target being exceeded by 7,000 ha. Broadleaved planting is far in excess of 
conifer planting with the ratio exceeding 20:1 in 2003. Planting on arable is about 50% and improved 
grassland accounts for 43%, which despite being below target still means that planting on unimproved 
grassland and other semi-natural habitats remains well below 10% (Dyer, 2003a). Robertson Gould 
Consultants (1991) and Entec (1996) both found acceptable standards of planting and maintenance in their 
surveys, although both raised concerns about long-term management. Similarly, planting was mostly on 
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land of average quality with reasonable to good prospects for economic timber production. However, few 
participants rated timber production as a major reason for entering the scheme, suggesting these 
prospects may not be realised. 
Biodiversity conservation 
The WGS has the potential to benefit biodiversity through appropriate planting of new woodlands and 
conservation-oriented management of existing ones. Robertson Gould Consultants (1991) surveyed 
woodlands created under the FWS to assess their environmental standards. The 10 individual case studies 
demonstrated no adverse conservation effects from the new planting and 43% of participants surveyed 
stated conservation was an aim. Most (51%) planting was adjacent to existing woodland and 46% linked to 
other woodlands via hedgerows; in addition, 57% of participants carried out extra work to encourage 
colonisation by birds and mammals. However, there was no use of natural regeneration and species choice 
was poor with many missed opportunities for enhancing the conservation value of the woods by poor 
preparatory groundwork, poor use of open space, lack of shrub planting and failure to reinstate hedge 
boundaries. Entec (1996) conducted a similar review of the FWPS with somewhat more encouraging 
results. The respondents conducted a wide range of conservation work with some degree of benefit on 
90% of sites. Treatment of areas of known conservation value, use of open space, treatment of woodland 
edge habitat, enhancement of wildlife corridors, and use of suitable species were all considered, with 35% 
of sites providing ‘good’ benefits and a further 55% providing at least some benefit. Again there was no use 
of natural regeneration for woodland establishment and only 24% of respondents carried out extra work 
to encourage colonisation by wildlife. John Clegg & Co et al (2002) also examined the conservation value 
of new WGS and FWPS woodlands in their study. Participants reported more birds, mammals or plants on 
58% of new woodland sites as a result of planting, and 50% also reported a greater variety of bird, mammal 
or plant species. However, as in previous studies, little use was made of natural regeneration or native 
stock when establishing the woods, and concerns were raised over the small size of the planting blocks. 
Due to a lack of scheme evaluation there is no information on the effectiveness of WGS management in 
delivering conservation benefits (CJC Consulting, 2003). However, the WGS is cited as a mechanism for 
achieving five UKBAP Habitat and 47 Species Action Plans; therefore, an examination of progress by these 
plans may demonstrate the effectiveness of the scheme. Habitat Action Plans for wet woodland, upland 
ash woods, upland oak woods, native pinewoods and lowland beech-yew woods were assessed in 2002. 
In all cases maintenance and restoration or expansion of the woodland type in question is the key aim for 
the plan, and in all cases insufficient progress had been made even to quantify the extent of these 
woodland types in the UK, let alone the area under WGS management. Assessment of the Species Action 
Plans was more successful with four species showing increased populations, two showing some increases 
but also some losses, 10 species remaining stable, and 16 species declining (UKBAP, 2002). However, 
knowledge levels are still too low to determine the role of the WGS, if any, in these successes or failures. 
Indeed, John Clegg & Co et al (2002) concluded that ‘the contribution of the WGS to the UKBAP appears 
to be limited at this stage’. Under the Government’s Public Service Agreement (Treasury, 2000), there is a 
commitment for the Forestry Commission and English Nature to ensure that 95% of woodland SSSIs are in 
favourable condition by 2010. There are 115,000 ha of woodland SSSIs in Great Britain and, by the end of 
2003, 71% of them were in favourable condition. Forest Enterprise is responsible for managing about 
40,000 ha of woodland SSSI, and 74% of those are in favourable condition, slightly better than the national 
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average (Jack, 2004). Of the remaining woodland SSSIs about 8,300 ha are under WGS agreement, with 
81% in favourable condition. This is considerably better than the national average, suggesting that the 
scheme is genuinely benefiting these sites (Cooke & Masheder, 2001). 
2.1.3 WGS efficiency 
Introduction 
Even if the WGS is effective, it will still fail to produce significant results if it is operated inefficiently. Efficient 
operation requires appropriate uptake and good administration so that scheme operations may deliver 
value for money and additionality. Scheme desirability and landowner constraints determine the 
composition and characteristics of applicants. By targeting specific groups of landowners or selecting 
landowners sympathetic to scheme aims, efficiency may be increased. Administrative costs must be kept to 
a minimum to maximise the amount of grant money available. Grant delivery is critical as different methods 
may be more efficient in different circumstances. Publicly funded schemes, particularly where private 
individuals are the direct beneficiaries, should aim to provide good value for money by delivering public 
benefits that at least equal their cost. Similarly, work should not be publicly funded if it would have been 
done anyway with private money: high levels of additionality are important. 
Uptake 
Landowner decisions to enter the WGS or FWPS are dependent on the balance of incentives to 
constraints, both private and scheme related. The effect of these incentives and constraints is to determine 
the balance of landowner types participating in the scheme; therefore, the scheme must be appropriately 
designed and targeted to attract landowners who will be sympathetic to the scheme’s aims and implement 
it effectively. To date studies of the WGS and FWS/FWPS have concentrated on evaluating uptake of new 
planting, with no investigation of the incentives and constraints acting on the uptake of management 
options (Gasson & Hill, 1990; Appleton & Crabtree, 1991; Robertson Gould Consultants, 1991; Entec, 
1996; Dyer, 2003b). These studies all report similar reasons for participants entering the scheme, namely 
wildlife and habitat conservation, landscape enhancement, timber production and amenity (public and 
private). Conservation was typically the major aim with timber production considered much less important; 
however, these aims are all in line with the aims of the scheme. Of course, the extent to which scheme 
aims prompted these responses in unknown. Participants are typically owner-occupiers of the land, 
suggesting long-term security is an important constraint. Indeed, in the ADAS survey (Dyer, 2003b), 53% 
of respondents stated that there was too little incentive to plant on rented land. Most participants already 
own some woodland, however most sought professional advice on the new planting and used contractors 
to carry out the work, suggesting a constraint of low levels of woodland expertise among participants, 
which may be detrimental to the long-term maintenance of the woods. Planting was predominantly on 
arable land of average quality; this is in line with scheme targets, assuaging concerns over planting on poor 
quality land (or semi-natural habitats), and suggests the location of new woodlands is not a constraint on 
uptake. 
Entec (1996) determined in their survey that financial benefits were the main incentive for joining the 
scheme. Constraints on joining were the lack of flexibility in changing plans, negative effects on agricultural 
support payments and the requirement to plant a minimum of 1ha of woodland. Respondents stated they 
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would have entered up to 30% more land in the scheme if agriculture was less profitable and scheme 
payments were higher, but would have planted 10% less if scheme payments had been lower. Dyer (2003b) 
also found that the reduction in cropping and stocking flexibility because of planting woodland was a major 
constraint for 41% of respondents. John Clegg & Co et al (2002) surveyed WGS participants’ views on 
scheme administration, rules and contractual arrangements: 71% of respondents thought scheme 
administration was ‘very good’ or ‘good’, whilst 58% thought the rules and contractual arrangements were 
similarly ‘very good’ or ‘good’. Of the remainder only 3% considered administration, rules and contractual 
arrangements to be ‘poor’, suggesting the design and administration of the scheme is not a constraint on 
uptake. 
Administration 
Aside from constraining entry, administrative efficiency is important to ensure money is not wasted in 
running the scheme that could be given out as grants. The costs of administering the WGS, including the 
small amount of FWPS administration that the Forestry Commission is responsible for, fell from 27p per £ 
in 1995/6 to 19p per £ in 2000/01 (John Clegg & Co et al, 2002). This rose to 20p per £ in 2001/02 but 
the Commission predicted it would fall to 18p per £ in 2002/03 and 16p per £ in 2003/04 (Dyer, 2003a). 
Defra is responsible for administering the FWPS and its costs were 19.7p per £ in 2001/02, rising 
considerably to 26.6p per £ in 2002/03 (Dyer, 2003b). This would be a matter of some concern were it 
not for the transfer of farm woodland grants to the Forestry Commission under the EWGS. With the dual 
administration of the FWPS, inefficiencies arose from confusion among participants and duplication of 
effort between the Forestry Commission and Defra. Entec (1996) found that 55% of respondents did not 
know the relationship between the WGS and FWPS, and their respective administrators, whilst John Clegg 
& Co et al (2002) put this figure nearer 18%. Compliance monitoring by the two organisations is also badly 
coordinated, leading to visits to FWPS sites by both Defra and Forestry Commission officials, frequently in 
short succession.  As it stands, therefore, given the complexity and scale of applications, it does not appear 
that the level of administrative cost is excessive, and this should fall further with the introduction of the 
combined EWGS removing administrative duplication. 
Grant delivery mechanisms are a major issue for administrative efficiency, with flat rate and discretionary 
payments being the two main methods. Historically, the Forestry Commission has favoured flat rate grants, 
with targeted supplements being increasingly used since the introduction of the WGS Mark II in 1992. 
Challenge Funds introduced the concept of discretionary payments in 1995, with discretionary entry being 
introduced to new planting by a scoring system in 2000. Theoretically, a discretionary approach to funding 
can be more efficient than flat rate incentives (Latacz-Lohmann & van der Hamsvoort, 1997). Garforth 
(2001) conducted a desk-study of 14 Challenges in Britain: the overall perceived success of each Challenge 
was determined, and the relative efficiency of the Challenge Funding compared to fixed incentives at higher 
rates than the WGS, assuming applicants ‘overbid’ by 20%. Garforth concluded that Challenge Funds were 
more efficient than flat rate incentives when the Forestry Commission wanted to conduct a larger volume 
of work with a wider range of objectives where there is a large and varied pool of eligible projects. 
Considering new planting the New Woodland Scoring Form gives equal weight to each of four aims: rural 
development, economic regeneration, recreation, and environment and conservation. Extra points are 
awarded for size, FWPS participation and a few other factors. CJC Consulting (2003) reviewed the 1,224 
accepted plans for the period November 2001 to October 2003: rural development accounted for 30% of 
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the score, economic regeneration for 23%, recreation for 13%, and environment and conservation for 34%. 
The low scores for recreation are because of the extra weight given to woods in designated areas: 
Community Forests, National Forest, National Parks and Areas of Outstanding Natural Beauty. Plans with 
FWPS accounted for 72% of the total, achieving an average score of 14.05 versus 14.35 for the non-FWPS 
plans. Assuming there is no intrinsic value to compensating agricultural income forgone, hence excluding 
the 3 FWPS points, demonstrates that FWPS planting provides 23% less benefit than non-FWPS planting. 
Value for money 
The WGS uses public money to finance private woodland planting and management, which in turn 
provides a range of public benefits. Using the framework of the England Forestry Strategy, these benefits 
can be categorised in terms of: economic regeneration; rural development; recreation, access and tourism; 
and environment and conservation. On contaminated and ex-industrial sites, there is potential for WGS 
planting to assist in economic regeneration, whilst greening urban areas may improve desirability and aid 
regeneration. To date no studies have investigated the role of the WGS in economic regeneration, 
although Selman (2003) did evaluate the costs of establishing woodland on brown-field land as part of a 
Capital Modernisation Fund project. Initial figures show a purchase cost of £9,400 ha-1 with an average of 
£21,500 ha-1 spent on remediation and establishment. This is far in excess of typical WGS costs per ha; 
suggesting that without specifically targeted measures the WGS will fail to produce significant economic 
regeneration benefits. The Forestry Commission conducted an exploratory cost-benefit analysis of the 
planned planting during the development stage of the project (Selman, 2003). Against an estimated cost of 
£14.49 million, benefits from timber and recreation were estimated at £8.33 million net present value; 
suggesting that forestry expenditure for economic regeneration has the potential to provide some value for 
money. Rural development is specifically targeted by the New Woodland Scoring Form (see Appendix). 
The primary WGS mechanism for rural development is job creation via woodland establishment and to a 
lesser extent management, with harvesting in the long-term. CJC Consulting (2003) estimated the cost per 
job created by planting under the WGS as £356,000 for conifer planting and £171,000 for broadleaved 
planting, without any additional supplements. Including harvesting, despite this not creating any jobs for 40 
year or more, reduced these costs to £28,000 and £46,000 per job respectively. The WGS is therefore an 
expensive means of job creation and represents poor value for money from a rural development 
standpoint. 
The WGS has the potential to provide recreation benefits through creating new woodlands, particularly 
with the Community Woodland Supplement (CWS), and through management of existing woodlands, 
particularly with WIG Project 1. Crabtree et al (2001), in their economic evaluation of the CWS, 
determined an average willingness to pay for CWS woodland of £15.38 per household, producing an 
average minimum benefit of £3,582 ha-1 year-1. Over the 10-year life of a CWS agreement, this equates to a 
present value of about £30,000 ha-1 against establishment costs of perhaps £2000 ha-1, representing good 
value for money. However, the public benefit did vary considerably between woodlands with some 20-
30% failing to justify their costs. Interestingly, the willingness to pay value was predominantly a result of 
visual and other non-use amenity; mean amenity use values per household were only £0.13 to £0.56 per 
year. WIG Project 1 and the WGS Annual Management Grant both pay for public access improvements; 
however no studies have attempted to quantify the value for money provided. Woodland creation can 
significantly improve the landscape and visual amenity. Using an estimate of the value of views from homes 
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on the urban-fringe, CJC Consulting (2003) determined the benefit of creating woodland where none 
existed for a population of 5000 households would be £1-2.5 million per year, equating to a minimum 
present value of £28 million. Even at the most expensive WGS planting rates (broadleaved <10 ha, BLS, 
CWS), this could fund the planting of over 9,000 ha; suggesting woodland creation for environment 
enhancement represents good value for money. CJC Consulting (2003) also estimated the willingness to 
pay for 12,000 ha of new lowland native broadleaved woodland as an indicator for providing woodland 
biodiversity. A willingness to pay value of £0.84 per household per year aggregated across England gives a 
benefit of £1,463 ha-1 year-1, equating to a present value of £29,000 ha-1 allowing for reduced benefit during 
establishment. This is considerably in excess of the costs involved, suggesting that new planting for 
biodiversity represents good value for money. Biodiversity and landscape benefits provided by WGS 
management cannot be valued because of a lack of WGS evaluation (John Clegg & Co et al, 2002). 
Additionality 
Another important aspect of WGS efficiency is the additionality it generates: the work carried out under 
the scheme that would not have taken place without it. Conversely, deadweight is work carried out under 
the scheme that would have been done anyway. John Clegg & Co et al (2002) measured new planting 
additionality in a survey of WGS and FWPS participants: 46.9% of agreements would not have proceeded 
without grant aid, with the probability of agreements proceeding declining with increasing agreement size. 
Of the agreements that would have proceeded, 71% of them would have been smaller, with the likelihood 
of reduced planting increasing with agreement size. Entec (1996) estimated additionality for planting under 
the FWPS at 85%, which was similar to the FWPS in Scotland at 76.1% (CJC Consulting, 2003), suggesting 
farm woodland planting is more financially driven. Dyer (2003a) investigated the additionality of the WIG in 
a survey of participants. Additionality was 100% for WIG 1, although 27% would have carried out similar 
work on a smaller scale in the absence of grant aid. WIG 2 had 83% additionality but 43% would still have 
carried out the work on a smaller scale. WIG 3 had 94% additionality but 50% would have carried out the 
work on a smaller scale. The relatively high number of agreements that would have continued on a smaller 
scale is probably because WIG costs are only grant aided up to 50% and, without the scheme, applicants 
would probably have used the money they had already allocated. No information is available on other 
elements of the WGS with which to assess additionality (CJC Consulting, 2003). 
2.1.4 Discussion 
The Forestry Commission-led reviews of the Woodland Grant Scheme have done little to evaluate 
progress toward its aims, yet changes to the scheme are advised on the basis of policy, consultation and a 
scientific literature that is almost wholly focussed on one element of the scheme. A closer examination of 
this body of literature allows judgements to be made on scheme effectiveness and efficiency, leading to a 
better understanding of progress towards scheme aims. WGS effectiveness was reviewed in terms of 
economic, amenity, silvicultural and biodiversity benefits provided, whilst WGS efficiency was reviewed in 
terms of uptake, administration, value for money and additionality. 
The WGS aims to provide jobs and improve the economy of rural areas and other areas with few other 
sources of economic activity; and to provide a use for land instead of agriculture. Farm woodland planting 
in rural areas has few, if any economic benefits but it does provide an alternative to agriculture: scheme 
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effects on existing jobs and economic activity are neutral with little or no net financial gain for participants; 
local job creation is low to nil; agricultural production is reduced but net costs for woodland creation are 
higher. Information on the economic benefits of WGS management is not available. 
The WGS aims to encourage people to create new woodlands and forests to offer opportunities for 
recreation and sport, and to improve the landscape. New planting has had some success in increasing 
public amenity, particularly through the CWS, despite continued landowner resistance to public access. 
Management for public amenity has been less successful with low rates of uptake for WIG Project 1. 
Landscape enhancements have been brought about by new planting but the exact nature and scope of 
these enhancements is unclear. 
The WGS aims to encourage good management of forests and woodlands, including their well-timed 
regeneration; and to encourage people to create new woodlands and forests to increase the production of 
wood. ERDP targets for creating woodland under the WGS and FWPS are likely to be met; however, the 
target for woodland management will almost certainly be missed. Increasing UKWAS certification is an 
encouraging sign of good woodland management although the relationship with the WGS is currently 
limited. Establishment of new woodlands is generally of an acceptable standard but concerns over long-
term management, the small size of most woodlands and the low priority afforded timber production 
suggests that increases in wood production will be small. 
The WGS aims to look after the needs of ancient and semi-natural woodlands; and to encourage people 
to create new woodlands and forests to provide new habitats for wildlife. New planting typically does not 
have adverse effects on existing biodiversity; it is usually sufficiently well designed and sited to maximise 
future biodiversity benefits; however, worryingly little use is made of natural regeneration or native stock 
during establishment. There is little information on the biodiversity benefits of WGS management; 
however, more woodland SSSIs are in favourable condition when under WGS management, and some UK 
BAP species are arguably progressing towards their targets with WGS assistance. 
Uptake of the WGS is unproblematic with applicants usually concurring with most scheme aims. Higher 
grant rates and greater scheme flexibility are desired by most applicants; however, the current 
arrangements do not appear to constrain uptake. WGS administration is generally efficient with the 
Forestry Commission on course to reduce administration costs to 16 pence for each £ of grant aid 
provided, and inefficiencies caused by dual WGS-FWPS administration will be solved under the EWGS. 
The current mix of widely available flat-rate grants with more targeted discretionary payments seems to be 
an effective and efficient model for grant delivery; however, the extra weight given to the FWPS in the new 
planting scoring system is questionable. In delivering the aims of the England Forestry Strategy, the WGS 
provides quite variable value for money. Woodland planting for economic regeneration and rural 
development provides very poor value for money, whereas planting for recreation, landscape and 
biodiversity provides potentially excellent value for money. There is insufficient information on the effects 
of woodland management to enable any assessment of the value for money provided. The WGS also 
seems to deliver good levels of additionality; only moderate for new planting but significantly higher for 
more targeted measures; however, there is still a lack of information for most of the management options. 
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In conclusion, it appears that the Woodland Grant Scheme is efficiently administered with acceptable levels 
of uptake and deadweight; however, only limited progress has been made towards meeting its aims. 
Economic aims have not been achieved; and work in that area provides very poor value for money. Rural 
development work concerned with producing timber as an alternative to agriculture has been more 
successful but still provides poor value for money. Recreation, landscape and biodiversity aims have 
similarly met with limited success but at least provide good value for money. There is a specific paucity of 
assessment for the management effects of the WGS, particularly for biodiversity conservation. Without 
further, detailed assessment of the WGS, it will not be possible to conduct a full evaluation of the success 
of the scheme. 
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2.2 Woodland biodiversity 
2.2.1 Definition of biodiversity 
Introduction 
In order to investigate the role the Woodland Grant Scheme has to play in conserving woodland 
biodiversity, it is critical to define what it comprises. Article 2 of the Convention on Biological Diversity 
defines biodiversity as: 
“The variability among living organisms from all sources including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological complexes of which they are part; this includes 
diversity within species, between species and of ecosystems.” 
The most obvious component of biodiversity is composition, or the ‘variability among living organisms’, 
which in ecological studies is generally considered the variation between species. Less obvious are the 
structural and functional components of biodiversity, which are emergent from the ‘ecological complexes’ 
formed by different species and, to a lesser extent, by environmental factors. Structural components of 
biodiversity generally relate to differences between habitats and habitat niches, whilst functional 
components tend to relate to ecological processes (Franklin et al, 1981). Of course, these three 
components of biodiversity are inextricably linked, with compositional diversity frequently being dependent 
on the other two; however, this somewhat artificial distinction is a useful tool when attempting to evaluate 
biodiversity. 
Components of biodiversity 
Within a woodland ecosystem, the compositional diversity of greatest ecological interest is that of 
component communities and the species contained therein. The primary woodland community is the trees 
and shrubs, which form the basic structure of the woodland habitat. Associated with this is a wide range of 
animal, plant and fungal communities that either exist within the matrix of the trees, or live epiphytically on 
them. In addition, there are a number of subsidiary woodland habitats, each with their own unique 
communities, which include: deadwood; temporary and permanent open spaces; leaf litter; soil; rocky 
outcrops; ponds and watercourses. 
Stand structure is the basic element of woodland structural diversity, and is best described in terms of 
heterogeneity, complexity and scale. Heterogeneity is the variation in the relative abundance of structural 
components, whilst complexity is dependent on their absolute abundance in any one place. Both can be 
applied within and between stands but both are dependent on the scale at which they are observed. 
Structural components are many and varied but trees and shrubs make up the primary vertical and 
horizontal structure of a stand, whilst secondary structural components are concerned with the field layer, 
epiphytic communities and subsidiary habitats. Beyond the stand scale, issues of patch size, shape and 
connectivity become paramount. 
Functional diversity is concerned with ecosystem processes, namely: habitat turnover, nutrient cycling, 
interspecific interactions, intraspecific interactions, and hydrology. Disturbance, leading to gap formation 
and woodland regeneration, is the main element of habitat turnover; although expansion and contraction 
of woodland in a matrix of non-woodland habitat is also important. Woodland nutrient cycling supports 
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many individual processes of nutrient fixing, from atmosphere and soil, as well as a complex array of 
decomposition processes that involve many detritivore communities. Interspecific and intraspecific 
interactions, such as competition and predation, as well as being a major component of functional diversity, 
are also critical in determining many features of the compositional and structural diversity of a wood. In 
addition, woodland acts as an important buffer in many hydrological cycles, intercepting precipitation and 
mediating flows into watercourses. 
Hierarchical biodiversity 
Aside from these three major distinctions, biodiversity can also be considered at a number of levels within 
a hierarchy ranging from the genetic to the global. Noss (1990) identifies four major levels in this hierarchy: 
genetic, population-species, community-ecosystem and region-landscape. The genetic level is concerned 
with: gene diversity; the structure, arrangement and expression of genes within chromosomes; and with 
processes such as mutation, genetic drift and gene flow. The population-species level is concerned with: 
species population size, cover, abundance and frequency; structural attributes such as age structure, sex 
ratio, range and dispersion; and functional attributes including demographic processes, metapopulation 
dynamics and phenology. The community-ecosystem level is concerned with: the diversity of species and 
the communities they form; the horizontal and vertical heterogeneity of the habitat, including its 
complexity; and processes such as competition, predation, local disturbance, nutrient cycling, colonization 
and extinction. The region-landscape level is concerned with: the diversity of habitats and the landscapes 
they form; habitat fragmentation, connectivity, patch size and shape; and large-scale processes such as 
migration, disturbance, land-use change, and geological and hydrological changes. 
Within woodland, the genetic level of biodiversity frequently receives little attention but two areas are of 
significance for conservation: maintenance of native tree populations by favouring natural regeneration or 
planting local stock, and maintaining threatened species with small, isolated populations. Whilst the genetic 
diversity and gene flow of other species is undeniably important, it is rarely of conservation concern until a 
species becomes threatened. The population-species level of biodiversity similarly receives little attention; 
however, this is not in terms of effort but scope. Typically, only indicator, keystone, umbrella, flagship and 
vulnerable species receive detailed population-species level assessment (Noss, 1990) but this attention 
frequently has wider benefits than simply preserving these species of conservation concern. More generally, 
detailed species surveys are undertaken to ecologically characterise a wood (Rodwell, 1991); whilst 
foresters conduct detailed surveys of the trees to determine timber quality and future management 
requirements. Forestry surveys, unlike ecological ones, place greater emphasis on population structure and 
to a lesser extent function in the form of regeneration and self-thinning. 
Community-ecosystem biodiversity is the most commonly investigated in woodlands (Kirby, 1988; Ferris & 
Humphrey, 1999). The species and communities they form are of significant interest, as is the woodland 
structure formed by the trees and shrubs. This structure comprises, at the macro-scale: canopy cover, 
understorey density, vertical vegetation layers, spatial arrangement of tree species, and spatial arrangement 
of stands with different structures. At the micro-scale, items such as tree-holes, dead crowns and upturned 
root plates can be critical for many species. The presence of rides, glades, ponds and streams adds to 
inter-stand structural diversity and the communities supported by these non-woodland habitats adds to 
the compositional diversity. Functional biodiversity also receives attention at the community-ecosystem 
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level, although it tends to focus on the effects of grazing, primarily damage caused by non-native deer 
(Kirby, 2001; Fuller & Gill, 2001), and decomposition processes, particularly the abundance of deadwood 
(Kirby et al, 1998). Regional-landscape aspects of woodland biodiversity have become increasingly 
recognised over recent years. Woodlands contribute to regional habitat diversity and play a major role in 
shaping the landscape. Given the fragmented nature of British woodlands, the effects of isolation, 
connectivity, patch size and shape are significant for many woodland species (Thompson, McElwee & Lee, 
2001; Gkaraveli, Williams & Good, 2001; Bailey, Haines-Young & Watkins, 2002). Studies of regional-
landscape scale processes for woodlands were previously concerned with deforestation and the 
importance of woodlands as hydrological buffers, however the challenges posed by climate change are 
now being realised. 
2.2.2 Natural woodland 
Introduction 
Knowing the potential range of woodland biodiversity, it is vital establish a frame of reference against which 
changes in biodiversity, such as those brought about by WGS management, can be evaluated. Natural 
woodland, as once originally covered most of the British Isles prior to the arrival of man, is a good baseline 
against which subsequent changes, whether natural or anthropogenic, may be evaluated. Peterken (1981) 
defines five kinds of naturalness: original, which existed before humans became a significant ecological 
factor; present, the current state if humans had not become a significant ecological factor; past, original-
natural components that have been inherited; potential, the state that would develop if human influence 
were removed and succession completed in an instant; and future, the state that would develop over time 
if human influence was removed. Of these, only past- and future- natural features are found in British 
woods: past-natural features may only occur in primary woodlands, whilst secondary woodlands may only 
obtain future-natural features. The last truly natural woodlands in Britain were the forests of the Atlantic 
period, some 5000 to 7000 years ago, which had developed by natural succession as tree species began to 
re-colonise the British Isles at the end of the last glacial maximum, about 10,000 years ago. Although 
considered to be the ‘major climax woodlands of the British Isles in stable equilibrium, their distributions 
determined by natural environmental controls’ (Godwin, 1975), the Atlantic forests would have been an 
intimate mix of different woodland types at different stages of succession, according to the vagaries of 
disturbance and climate (Jones, 1945). 
Disturbance has been defined as “a relatively discrete event in time that disrupts ecosystem, community or 
population structure and changes resources, substrate availability, of the physical environment” (White, 
1987). Disturbance primarily affects the structure of woodland by creating gaps in which regeneration and 
succession can occur. Species respond differently to various types of disturbance, and chance can play a 
major role in determining the species that colonise a new gap; therefore, disturbance can also have a major 
effect on woodland composition. It is only in the absence of major disturbance that woodland can reach an 
old growth state, although the specific structure and composition of that state is determined largely by 
previous disturbances. Climatic change can have as dramatic an effect on woodland composition and 
structure as disturbance; however, it acts more subtly and over longer periods. Given the changes in 
climate since the Atlantic period, not to mention soils and other abiotic factors, the original-naturalness of 
those forests cannot be used as a control against which to compare modern forests; however, many of the 
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structures, processes and components of old-growth forests are still very relevant when assessing the 
biodiversity of modern woodlands. 
Old-growth woodland 
Old-growth stands are rarely the intimate mix of species of all ages that could be imagined from the long-
term growth of shade-tolerant and intolerant species on a mesic site with occasional canopy gaps provided 
by the death of old trees. Rather they are a patchwork of differing even-aged components, formed from 
disturbance and irregular recruitment. The dominant trees in old-growth stands commonly live for several 
hundred years, reaching canopy heights of 25 to 45m and rarely exceeding a diameter at breast height (dbh) 
of 100cm (Peterken, 1996). Basal area, the aggregate of the cross-sectional area of all trees measured at 
1.3m, for old-growth broadleaved stands typically falls in the range of 24 to 39 m2ha-1 (Auten, 1941). The 
canopy of old-growth stands is frequently irregular with large crowns, snags, gaps and occasional 
emergents. Canopy gaps are very irregular but it has been estimated that about 8-24% of the stand can be 
temporary open space (Runkle, 1981). Canopies can also be vertically irregular, with subordinate layers 
forming below a closed canopy, because of differential growth rates, shade tolerances and top heights of 
species. Beneath the canopy, an understorey of shade-tolerant shrubs or a thicket of saplings is a common 
feature of some forest types but is absent in others. Permanent open space is another important feature of 
many old-growth forests. Watercourses and riparian zones provide valuable structural and habitat diversity 
within the forest (Gregory et al, 1991), whilst ponds and frequently inundated depressions can form 
permanent glades, with associated grassland and woodland edge habitats. 
The field layer of old-growth forest is frequently a more or less dense, complete and complex carpet of 
herbs and bryophytes, thinning or disappearing beneath dense patches of shrubs or saplings and very 
dense canopies. In deciduous broadleaved old-growth forests, there is usually an abundant vernal flora 
which disappears in mid to late summer, leaving a more litter dominated field layer (Peterken, 1996). On 
mesic sites, the ground flora tends to form a mosaic of single-species patches, with a few dominant species 
but many others occurring at low densities. Species distribution depends on canopy structure and micro-
topographical features (Bratton, 1976). Gaps in old-growth forests tend not to have a distinctive flora, 
although growth rates tend to increase and certain disturbance dependent species may benefit (Moore & 
Vankat, 1986). The abundance of veteran trees and deadwood in old-growth forests provides excellent 
habitat for epiphytic plants, bryophytes, lichens and fungi. Coarse woody debris, in the form of snags, logs, 
dead branches and even trees, is an important component of the old-growth forest ecosystem. It provides 
autotrophic and heterotrophic habitat and is a major component of forest nutrient cycles (Harmon et al, 
1986). Old-growth forests support a diverse fauna, representing most terrestrial phyla, including some that 
are dependent upon old-growth habitat. Actual species numbers in old-growth forests vary according to a 
wide range of ecological and geological features. However, as an example, Bialowieza Forest in Poland 
contains some 990 species of vascular plants, 254 bryophytes, 200 lichens, approximately 1000 species of 
higher fungi, 8500 insects, 206 spiders and 226 bird species (Falinski, 1986). 
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Ancient woodland 
Ancient woods are defined as woodlands that have been continuously forested since 1600AD because, 
from about this time, the first maps of woodland became available and plantation forestry began to 
become important. Many ancient woods are primary but it is possible that some were cleared in mediaeval 
times, or earlier, with secondary woodland developing post-abandonment; however, after several 
centuries, differences between the two are likely to be minimal. Many ancient woods have been cleared 
since 1600AD and replanted, sometimes with broadleaves and more recently with conifers. These woods 
are known as ancient woodland sites, and whilst many retain some of the unique features and flora of 
ancient woodlands, they have more in common with plantation woodland (Rackham, 1980; Ferris & 
Simmons, 2000). Most ancient woodlands have been managed for centuries as either coppice or wood 
pasture. Coppicing is a method of woodland management where by the underwood is cut on a regular 
rotation, with restocking by new growth from the cut stumps (coppice stools). Rotations typically vary 
from 5 to 25 years and only a limited area (coup) is cut in any one year. Mature standard trees are 
commonly interspersed with the coppice, these being managed on a much longer rotation to produce 
timber (Evans, 1984). Grazing was traditionally important beneath coppice, except for recently cut coups 
where animals were excluded, but this is rarely practiced now, although wild deer are still important 
(Watkinson, Riding & Cowie, 2001; Gill, 2000). Neglected (stored) coppice gradually develops a high 
forest structure, and singling coppice-stool regrowth may accelerate this process. Wood pasture is 
woodland that is used as permanent pasture for grazing animals. Trees are generally pollarded or stripped 
to protect the regrowth from browsing, the ground flora is typically grass dominated, and regeneration is 
limited due to grazing (Peterken, 1996). 
Ancient woodlands, despite being descended from natural woodland, can only be considered semi-natural 
after centuries of management, with their characteristics differing from natural woodland in several 
important ways. Coppice management has a significant effect on the structure of ancient woodland, 
producing an unnatural amount of temporary open space, and generating a much more regular age-
structure over larger areas than natural woodland. In addition, very large old trees are typically absent, 
although some coppice-stools may be ancient, and permanent open space, in the form of rides and glades, 
is much more common (Peterken, 1991). The species composition of ancient coppice is thought to 
directly derive from natural woodland, although the relative abundances of species are rather different; for 
example, coppice woodland is dominated by light demanding tree species and has a much higher 
abundance of shrubs than natural woodland (Peterken, 1991). Similarly, ground flora species are inherited 
from natural woodland but coppicing introduces cyclical changes to their occurrence and abundance in the 
field layer (Peterken, 1981). The functional diversity of ancient coppice is limited by the small amounts of 
deadwood compared with natural woodland; virtually immortal coppice stools alter the natural 
regeneration cycle; and ancient soils may have been altered by drainage, a lack of tree falls, and constant 
removal of woody material (Peterken, 1981). 
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Plantation woodland 
Prior to the 17th century, newly planted woodlands were rare (Rackham, 1986), and the practice of felling 
and replanting existing woodland did not come into common use until the 18th century (Rackham, 1990). 
Plantation woodlands are typically established by planting 2-3 year old saplings, chosen for their biological 
and commercial viability, into prepared ground with regular control of the ground flora during the 
establishment phase. Regular thinning and control of the field layer are usually carried out post-
establishment, with the trees being felled on maturity (Hibberd, 1991). Conifers were predominantly 
planted until the mid 1980s, after which broadleaves were favoured; establishment by natural regeneration 
is rare, even where it would be the most appropriate method (Harmer, Kerr & Boswell, 1997). Plantation 
woodlands are typically managed as high forest under an even-aged or an uneven-aged system. Clear felling 
is the most common even-aged system, under which all trees in a compartment are felled at the same time 
with regeneration usually by planting. The group selection system is the most common uneven-aged 
system, under which small groups of trees (0.1-0.2 ha) are felled throughout the woodland to create gaps 
for natural regeneration. The shelterwood system is something of a hybrid; the new crop is established 
under the shelter of the old crop, following partial felling; both planting and natural regeneration are used 
to establish the new crop (Peterken, 1996). Plantation woodlands may be managed for timber production, 
amenity, wildlife, or any combination of the three, with consequent effects on their biodiversity value. 
The structure of plantation woodlands depends upon the forestry system employed. Even-aged systems 
result in an impoverished vertical stand structure solely comprising the main canopy trees, or at most two 
canopy layers in the shelterwood system. Even-aged woodlands contain far more temporary open space 
than natural woodlands, but through rotational felling approach a degree of naturalness in their inter-stand 
diversity. Uneven-aged systems provide a more natural vertical stand structure, albeit without much of an 
understorey, and gap creation rates are near natural; however, inter-stand diversity is much lower than in 
even-aged systems. Both systems provide more permanent open space than natural woodlands, typically in 
the form of forest roads and timber yards, which are of little interest to wildlife (Peterken, 1996). The 
composition of plantation woodlands depends largely on what is planted and what can successfully 
colonise and survive weed management. The flora and fauna is typically massively impoverished compared 
with natural woodlands, although this is lessened with maturity or over-maturity (Ferris et al, 2000). The 
ground flora is typically patchily dominated by single species according to the vagaries of colonisation. 
Plantations on ancient woodland sites are usually more diverse, retaining elements of the ancient woodland 
ground flora. Plantation woodlands are frequently diminished functionally compared to natural woodlands: 
there is little or no deadwood; planting predominates over natural regeneration; and soils are simplified 
with little turnover (Peterken, 1981). However, not all plantation woodlands are so impoverished; 
management to mimic natural features is possible (Kerr, 1999); and even abandoned agricultural land can 
develop into average quality secondary woodland with future-natural potential (Harmer et al, 2001). 
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2.2.3 Woodland management 
Introduction 
Using natural woodland as a standard against which ancient and plantation woodland can be compared 
provides a frame of reference within which to judge the effects of management on woodland biodiversity. 
Woodland management is mostly concerned with managing the tree and shrub community, usually as 
coppice or high forest, but the management of permanent open space, in the form of rides, glades, streams 
and ponds can also be important, as can grazing management. By the nature of the techniques employed, 
woodland management predominantly affects the structure of the woodland, with consequent changes to 
the compositional and functional diversity. 
Coppice management 
Cutting coppice at the start of the ‘light phase’ causes significant changes to the light regime, soil 
temperature, soil disturbance, water, nutrients and leaf litter, with subsequent effects on the ground flora 
(Buckley, 1992). Light levels are significantly increased in spring and summer, encouraging flower and seed 
production as well as increased growth rates of light-demanding species. Soil temperature, water and 
nutrients are all increased resulting in increased growth rates and earlier germination and growth in the 
spring, generally favouring species with competitor and ruderal strategies. Disturbance of the soil is 
increased and leaf litter is significantly reduced, leading to gap creation, damage to shallow rooted 
perennials and benefiting species with low tolerance of overlying litter, e.g. grasses. During the subsequent 
‘shade phase’, as the coppice re-grows, these changes are reversed with lower light levels, reduced soil 
temperature, water and nutrients, decreased disturbance and increased leaf litter. Stress-tolerant species, 
with lower growth rates, are able to survive these conditions while other species are not. Therefore, there 
is a cyclical change in the ground flora under coppice woodland. In the first season after coppicing, the 
rather sparse ‘shade phase’ vegetation grows more rapidly; in the second year, the growth response is 
greater with increased flowering, new herb species appear and tree and shrub seedlings establish; gradually, 
as the coppice grows, the ‘shade phase’ returns and the ground flora becomes increasingly sparse and 
impoverished with suppressed flowering (Salisbury, 1916; Mason & MacDonald, 2002). The ground flora 
species adapt to this cycle in one of five ways (Peterken, 1981; Ash & Barkham, 1976). Shade-tolerant 
species survive the ‘shade phase’ in a predominantly vegetative form, whilst others take advantage of spring 
light levels to grow and flower. Another group survives as dormant seed, buried in the litter and soil, 
germinating in response to the environmental changes caused by coppicing. Many shorter-lived species, the 
‘marginal flora’, retreat to woodland edge habitat in rides and glades to survive, whilst casual ruderal 
species survive in other suitable habitats. 
The fauna of coppice woodlands is also affected by the cutting cycle, with differential effects according to 
how individual species use the habitat. Of the invertebrate fauna, Lepidoptera are the most studied; their 
response to coppicing is primarily affected by changes to the abundance of their food plant, with micro-
climatic effects of secondary importance. For example, many fritillaries rely on recently coppiced areas for 
abundant violets, whilst others such as the white-letter hairstreak (Satyrium w-album) require a developed 
canopy, and some like the purple hairstreak (Neozephyrus quercus) are relatively unaffected, so long as 
some standard oaks remain (Asher et al, 2001). Similar trends are found for many other invertebrate 
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species depending on how they use the habitat and how dependent they are on certain plant species, 
although coppicing is almost without exception detrimental to detritivores (Mitchell & Kirby, 1989). Bird 
species are primarily affected by changes in woodland structure brought about by coppicing. Fuller & 
Moreton (1987) determined three phases in coppice regrowth, each with a distinct bird community: the 
establishment phase (0 to 3 years) was dominated by the tree pipit (Anthus trivialis) with linnets (Carduelis 
cannabina) and whitethroats (Sylvia communis) becoming more common as the ground flora established; 
during the canopy-closure phase, the willow warbler (Phylloscopus trochilus) was dominant with species 
richness dropping post-closure; the maturation phase was more stable, with blackbirds (Turdus merula) and 
robins (Erithacus rubecula) dominating, and tits (Parus spp.) only becoming established in the oldest coppice. 
Deer are initially disturbed by coppicing but are rapidly encouraged by the availability of browse and the 
dense cover of coppice regrowth (Buckley, 1992). Small mammals are differentially affected by coppicing, 
with wood mice (Apodemus sylvativus) and shrews dominating young coppice, whilst yellow-necked mice 
(Apodemus flavicollis) and bank voles (Clethrionomys glareolus) predominate in older coppice (Capizzi & 
Luiselli, 1996). Coppice is generally poor habitat for lichens, fungi and bryophytes; only older coppice 
supports significant populations of these species, although large coppice stools and veteran standards 
provide suitable microsites for some species (Mitchell & Kirby, 1989; Ihlen, Gjerde & Sætersdal, 2001). 
High forest management 
After felling, high-forest typically passes through three stages: stand initiation, stem-exclusion, and 
understorey initiation, with a later old-growth stage if harvesting is neglected (Oliver, 1980). The stand 
initiation stage immediately after felling is very similar to a coppice coup: light levels are increased, as are 
soil temperature, water and nutrients, leaf litter declines and soil is disturbed (Buckley, 1992). The scale of 
gap creation depends on the forestry system; larger under clear felling, smaller under selection; however, 
shelterwood systems typically avoid the stand initiation stage by maintaining continuous cover to minimise 
ground flora growth and advance regeneration. Gap ground flora develops in a similar way to that of 
coppice woodland with the existing flora growing more vigorously and new species appearing (Moore & 
Vankat, 1986). As the gap regenerates, either naturally or through planting, a stem-exclusion stage is 
reached with a closed but low tree canopy. The ground flora is significantly reduced and impoverished by 
dense shade, litter cover and the water and nutrient demands of the young trees; only stress-tolerant or 
vernal species remain apparent, except at edges where there is better light penetration (Mitchell & Kirby, 
1989; Kirby, 1990). As the trees grow and self or artificial thinning occurs, a higher and more open canopy 
is produced, allowing more light to penetrate and encouraging ground flora growth; however, much of this 
flora is still vernal or spreads vegetatively. Microtopography, such as tree fall mounds and soil water 
gradients, and canopy variation are critical in maintaining ground flora diversity (Bratton, 1976). As the 
stand progresses towards the understorey initiation stage, the canopy becomes more irregular, an 
understorey of advanced tree and shrub regeneration begins to develop, and the decline in ground flora 
diversity during the stem-exclusion phase begins to reverse. If sufficiently neglected, an old-growth stage is 
reached; although it is not old-growth in the sense of natural woodland, and is perhaps better described as 
the ‘canopy break-up’ stage (Peterken, 1996). During this stage, crown expansion fails to compensate for 
canopy mortality, providing gaps for recruitment of suppressed individuals from the understorey. The 
effects on the ground flora are similar to felling, but on a smaller scale with gaps frequently filled by 
vegetative spread of existing species. 
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Felling typically has a deleterious effect on the invertebrate fauna of woodland, primarily because many 
more species rely old trees and deadwood than rely on abundant ground flora and woody regeneration 
(Mitchell & Kirby, 1989). Some species, such as syrphids (hoverflies) and carabids (ground beetles), benefit 
from gaps and increase in diversity and abundance during the stand initiation stage; however, many of these 
species are generalists and quickly disappear during the stem exclusion phase (Humphrey et al, 1999). 
Diversity increases in the understorey initiation and old-growth stages as woodland specialists become 
established (Jukes, Peace & Ferris, 2001). Similarly, mature woodland is poor habitat for the majority of 
butterflies but the creation of temporary open space can significantly increase butterfly diversity 
(Robertson, Woodburn & Hill, 1988; Kleintjes, Jacobs & Fettig, 2004). Woodland is not an important 
habitat for reptiles and amphibians in Britain (Steele, 1975) but opportunities are provided for feeding and 
basking in stand initiation stages for species such as the sand lizard (Lacerta agilis) (Dent & Spellerberg, 
1988). In North American woodlands, salamanders are typically species of the old-growth stage but can 
tolerate limited disturbance so long as the field layer is maintained; therefore, they decline during the stem-
exclusion stage (Pough et al, 1987). Woodland bird species diversity depends on the structural complexity 
of the understorey and canopy, with species number and abundance increasing with stand age, except for a 
dip in the stem-exclusion stage (MacArthur, 1964; Mitchell & Kirby, 1989). Different species using different 
stages of woodland regeneration: for example, nightingales (Luscinia megarhynchos) prefer the dense thicket 
of the stem-exclusion stage whilst hole-nesters such as the blue tit (Parus caeruleus) require the mature 
trees of the old-growth stage (Steele, 1975). Large mammals, such as deer, foxes and badgers, use mature 
woodland for cover and breeding but typically forage outside the wood, with the exception of deer who 
make use of regenerating areas for foraging. Being highly mobile, large mammals can easily move to and 
from felled areas and make use of sub-optimal habitat as necessary, minimising the effects of management 
(Mitchell & Kirby, 1989). Small mammals, such as the yellow-necked mouse and dormouse (Muscardinus 
avellanarius), typically rely on the well-developed field and shrub layer of mature woodland, and decline 
post-felling. Shrews, harvest mice (Micromys minutus) and field voles (Microtus agrestis), however, thrive in 
the stand initiation stage (Flowerdew & Ellwood, 2001). Lichens, bryophytes and fungi are most diverse 
and abundant in old-growth stands with abundant deadwood. Unlike lichens and bryophytes, fungi are 
remarkably resilient to the regeneration cycle, and only a reduction in deadwood post-felling can cause a 
decline (Humphrey et al, 2000; Humphrey et al, 2002). 
Ride and glade management 
Woodland tracks have been common since mediaeval times but the construction of wide grassy rides only 
began in the 16th century. Glades have always been part of natural woodland but from the Middle Ages 
onwards glades have been kept clear to provide pasture, meadow or even bracken for animal bedding 
(Rackham, 1980). Rides and glades typically require some form of management to prevent them 
developing into scrub and then woodland, although deer browsing and edaphic factors are important in 
maintaining some areas. Historically, grazing was used to maintain open habitats in woodland but now 
cutting is more usual. Ride management at its simplest involves yearly cutting to maintain a short grassy 
sward; however, multiple zones may be cut on different rotations to increase structural diversity. In these 
zoned rides, the central zone (2-4 m wide) is maintained as a short grass sward by yearly or more frequent 
cutting; either side (2-5 m wide), a mixture of tall grass, herbs and light scrub is allowed to develop, cut 
piecemeal on a 3 to 7 year rotation; beyond this a denser scrub or coppice margin (5-10 m wide) may be 
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maintained, cut piecemeal on a 8 to 20 year rotation. Ride structure may be varied further by 
incorporating scalloped edges, with bays arranged in opposite or alternate fashion and managed as grass or 
coppice on varying, piecemeal rotations (Ferris, 2000). Scallops benefit wildlife by creating more edge 
habitat and increasing shelter, whilst pinch points aid movement of species that disdain edge habitat e.g. 
dormice (Bright, 1998). Glade management is similar to ride management, in that a range of habitats may 
be created by differential, rotational cutting. Glades should generally be 0.25 ha as a minimum to provide 
interest, and preferably 0.5 to 2 ha. Widening ride intersections to create ‘box junctions’ provides glade 
habitat for minimum loss of woodland. Timing of cutting is important as summer cutting, which favours a 
herb rich sward may harm invertebrates, whilst autumn cutting tends to result in a species poor grass 
dominated sward. Therefore, patchy cutting throughout the year, or cutting in late spring seem to be the 
best options; alternatively, grazing may be used, especially in glades (Warren & Fuller, 1990). 
The wildlife value of rides and glades is determined by the structural complexity and the degree of shade, 
as determined by management, orientation, width and the height of surrounding trees. Increased light 
levels in woodland rides and glades support a wide diversity of shade-intolerant plant species; indeed, 
species richness can exceed that of the ground flora beneath young coppice. Wide, sunny rides and glades 
support the greatest diversity of species, and it is significantly greater with management (Mitchell & Kirby, 
1989). Plant species of unimproved grassland are common in rides and glades, as are common woodland, 
heath and hedge species; but rides and glades are not adequate substitutes for these habitats (Peterken & 
Francis, 1999). Only a few specialised species, such as crested cow-wheat (Melampyrum cristatum), are 
restricted to woodland edge habitats (Warren & Fuller, 1990). Rides and glades support a large number of 
invertebrate species but this diversity is principally controlled by the availability of specific food or host 
plants, therefore sunny rides with a greater diversity of plant species are typically richer in invertebrates. 
Butterflies in particular prefer open sunny rides that contain abundant larval host plants (Warren, 1985; 
Sparks et al, 1996). Ride structure is also important for many species; the grizzled skipper (Pyrgus malvae) 
and small heath (Coenonympha pamphilus) will only oviposit on short vegetation, whilst the marbled white 
(Melanargia galathea) and ringlet (Aphantopus hyperantus) prefer taller grass (Asher et al, 2001). Rides can 
provide valuable habitat for reptiles and amphibians; for example, the sand lizard uses sunny rides with 
heath like vegetation (Dent & Spellerberg, 1987). Many birds, such as song thrushes (Turdus philomelos), 
feed on the rich insect fauna and autumn berries of rides and glades but breeding is restricted to species 
that favour low, shrubby woodland edge habitat such as the nightingale (Warren & Fuller, 1990). Small 
mammals also make use of shrubby vegetation at the edge of rides and glades, and bats use rides for 
hunting (Flowerdew & Ellwood, 2001; Walsh & Harris, 1996). Similarly, rides and glades can provide 
important grazing and browsing for deer, although this can have a detrimental effect on other species 
(Fuller & Gill, 2001). 
Grazing management 
Historically grazing was important in maintaining open space in woodland and determined the unique 
structure of wood-pasture (Rackham, 1990). However, today woodland grazing is primarily concerned 
with the potentially damaging expansion in deer numbers, particularly exotic species (Fuller & Gill, 2001), 
although there is potential for the reintroduction of domestic stock grazing to benefit wildlife (Mayle, 1999). 
Browsing by deer on trees and shrubs tends to reduce stem density, limit height growth and reduce foliage 
density, whilst brambles (Rubus fruticosus agg.) and other tall growing herbs and ferns, except bracken 
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(Pteridium aquilinum), are reduced in abundance; this creates a more open understorey, promoting the 
lower ground flora. Preferential grazing of certain seedlings and flowers alters regeneration of both the field 
layer and canopy and could have long-term consequences for woodland biodiversity (Kirby, 2001; Gill & 
Beardall, 2001). Deer, however, are dispersers of some seeds, especially grasses and small herbs, which 
may be important for woodland species with poor powers of dispersal (Gill & Beardall, 2001). Domestic 
stock grazing, at low levels, can control dominant species in the ground flora and increase diversity, whilst 
moderate trampling can provide microsites for recruitment (Mayle, 1999). Therefore, variable, patchy 
grazing may benefit woodland ground flora diversity (Kirby, 2001; Watkinson, Riding & Cowie, 2001). 
Grazing affects woodland invertebrates indirectly through changes in the availability of food plants and 
nectar sources. Providing grazing is light, there should be no detrimental effects. Indeed, thermophilous 
and flower using species such as butterflies will benefit from the maintenance of open areas by grazing 
(Stewart, 2001; Feber et al, 2001). In addition, deer and domestic stock will directly benefit the dung 
associated invertebrate fauna, whilst bark stripping will tend to increase deadwood availability and benefit 
the detritivore community (Stewart, 2001; Mayle, 1999). The effects of grazing on bird species are 
complex. Some species, such as tree pipits, that prefer low ground vegetation and reduced shrub cover 
will benefit from moderate grazing; however, species that require a dense understorey or thicket, such as 
the nightingale, will be adversely affected. Ground nesting species could also suffer trampling of nests if 
grazing is too intensive, whilst dung could encourage insectivores (Fuller, 2001; Mayle, 1999). Deer and 
domestic stock affect small mammal populations by altering the habitat structure and competing for food 
resources. Reductions in the understorey due to browsing adversely affect the yellow-necked mouse and 
dormouse; grazing during the stand initiation stage will harm colonization by shrews, harvest mice and field 
voles; although, maintenance of rides will benefit some species. Competition for food resources will limit 
population densities and under intense grazing only wood mice will survive (Flowerdew & Ellwood, 2001; 
Mayle, 1999). 
Minimum- intervention 
Non-intervention as a form of woodland management is almost anathema to the WGS but is the default 
state for many British woodlands, although typically through neglect rather than design. Non-intervention 
woodlands may be considered natural, as opposed to ‘artificial’ plantations, but they may never be truly 
natural (i.e. original or present natural), as human influences cannot be completely removed. Nevertheless, 
the aim is to achieve a potential or future natural state by minimising human influences; therefore, 
minimum-intervention is the preferred term. There are five kinds of human influence that can never be 
excluded, which influence the management required to achieve a natural state: residual effects of past 
human activity on the site; permanent changes in the balance of nature (e.g. loss of large carnivores and 
forest cattle); diffuse, widespread environmental change generated by people; continued interaction with 
the surroundings (e.g. edge effects, invasive non-native species); and the long-term effects of ecological 
isolation. Perversely, the establishment of a minimum-intervention regime can involve significant initial 
management, such as: elimination of non-native species, re-introduction of site-native species, 
diversification of even-aged stands, and removal of human artefacts. Once established, there are two levels 
of minimum-intervention that may be applied: protective intervention with control of grazing and non-
native species, but no constraints on the abundance, composition and structure of native species; or 
limited intervention, where limits are set on the change that would be accepted, with protective 
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intervention applying within those limits and direct intervention if they are breached. Of course, if future 
naturalness is the aim, complete non-intervention is an acceptable alternative. Minimum-intervention does 
not necessarily have to apply to an entire stand; an area of as little as 1 ha could usefully add a distinctive 
habitat and specialised species, contributing to the overall diversity of the stand (Peterken, 2000a & 2000b; 
Mountford, 2003). 
2.2.4 Discussion 
Woodland biodiversity comprises structural, compositional and functional elements within a hierarchy that 
ranges from the genetic to the region-landscape. This presents a significant challenge for assessing the 
effects of WGS management on woodland biodiversity, but does suggest useful areas of enquiry, for 
example: locally native stock (genetic); indicator species (population-species); stand scale structure, 
habitats and functions (community-ecosystem); and woodland pattern and connectivity (region-landscape). 
Natural woodland, as once covered the British Isles, forms an appropriate frame of reference within which 
to consider the effects of management on woodland biodiversity. The general structure, composition and 
function of old-growth forests provide a standard of diversity against which managed stands may be 
compared. In Great Britain, ancient semi-natural woodland is the best analogue but account must be taken 
of the long-standing coppice management of much of that resource. Plantation woodland, although 
significantly impoverished compared with old-growth or ancient stands, nevertheless inherently has future-
natural value that may be influenced by management. 
Woodland management directly affects the tree and shrub layers in most cases, with secondary effects on 
the remainder of the community, although the field layer is directly affected by grazing and the 
management of permanent open space. Management primarily affects woodland structure, producing well-
defined, predictable responses from the community. Coppicing produces a cyclical change in the ground 
flora, from abundant light-demanding species in the ‘light phase’ following cutting, to sparse shade-tolerant 
vegetation as the coppice re-grows and returns to the ‘shade phase’. This change in the field layer, itself a 
secondary effect of the creation of temporary open space, has effects on the invertebrate community, due 
to changes in food plant abundance; whereas the vertebrate community is affected by the change in stand 
structure as the coppice re-grows. Negative effects of coppicing, compared to high forest management, 
are reduced deadwood, curtailed regeneration and limited epiphyte community, all related to the limited 
number of standard trees, if any, compared to coppice stools. Felling and replanting or regeneration in high 
forest systems creates temporary open space with similar effects to coppicing. As the trees grow, shade 
increases and the ground flora becomes impoverished but thinning and further growth produce a higher, 
more open canopy favouring the expansion of the ground flora and the development of an understorey. 
As the stand matures, an ‘old-growth’-like stage may be reached with a diverse ground flora, rich epiphyte 
community, large quantities of deadwood, and recruitment from the understorey through gaps created by 
canopy mortality. As with coppicing, the animal community is affected by the development of stand 
structure and changes in food plant and deadwood abundance. 
Permanent open space provides grassland and woodland-edge habitat in intimate association with 
woodland. Whilst this is not adequate replacement for unimproved grassland and heath or hedges, the 
association benefits many species. Aside from the plant species present, grassland in rides and glades can 
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be important for many invertebrates; whilst the scrubby edge habitat is important for many birds and small 
mammals. Management of rides and glades seeks to maintain the open space and can improve the 
structural diversity of the woodland edge. A note of caution must be sounded, however, over the widening 
or creation of new rides and glades, in that mediocre grassland may be created at the expense of valuable 
semi-natural woodland. Grazing, acting as an agent of disturbance, can benefit woodland diversity if 
managed appropriately, so that it is variable in intensity, extent and location. Grazing primarily affects the 
ground flora and understorey, with various effects on regeneration and different species groups, although 
bark stripping can directly affect the tree layer and deadwood abundance. Management is typically 
restricted to introducing domestic stock or excluding deer, as appropriate. 
In conclusion, it can be seen that the extent and complexity of woodland biodiversity poses a significant 
challenge for any assessment method that would seek to record it. This problem is somewhat simplified 
when considering WGS assessment because the direct effects of management are limited and secondary 
effects, although more complex, are predictable in general terms. Furthermore, old-growth and past-
natural woodland provide useful frames of reference, for plantation and ancient semi-natural woodland 
respectively, against which management driven changes in the biodiversity value of a stand may be assessed. 
This should therefore allow a relatively small set of assessment protocols to capture management driven 
change in biodiversity, and describe the direction of that change against established standards. 
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2.3 Woodland survey 
2.3.1 Forest mensuration 
Introduction 
Forest mensuration is the measurement of trees and timber for the purposes of managing commercial 
forestry operations. There are three main elements to forest mensuration: direct measurement, sampling 
and prediction. Direct measurement is the use of instruments to assess individual tree attributes, such as 
diameter (at breast height, mid-section and top) and height (to tip, timber). Sampling is required because, 
except in limited circumstances, measuring every tree would be impractical and uneconomic. Similarly, 
prediction is necessary to derive useful information from direct measurements (e.g. volume by tariffing 
from species, diameter and height) (Hamilton, 1975). Quantitative estimates of forest or timber attributes 
can be made to varying degrees of precision, depending on the purpose, such that the costs of 
measurement are proportionate to the benefit accrued. For standing timber, very high value stands may 
warrant complete direct measurement, whilst tariffing would be appropriate for mid-value stands with 
relascoping or abbreviated tariffing suitable for low-value stands. 
Tariffing 
Since 1956, the tariff system has been employed by the Forestry Commission for the purpose of measuring 
standing timber for sale; it is the de facto standard for standing timber sales in the UK. The system relies on 
the simple theory that for any pure even-aged stand, a plot of volume against basal area for each tree will 
generate a clearly defined straight line. The slope of that line varies according to species, age, etc. but all 
such lines tend to converge at a single point where volume equals 0.005 m3 at a basal area of 0.004 m2. The 
tariff system therefore comprises a series of ‘tariff’ tables describing each possible line and a methodology 
for determining which line best describes the stand in question. The primary benefit of tariffing is that only 
a relatively small number of trees need be sampled to identify the appropriate volume/basal area 
relationship, and hence accurately estimate the total timber volume of the stand (Hamilton, 1975). 
The first step in tariffing is to divide the stand into comparatively uniform areas, which should be assessed 
individually. Next the number of trees of at least 10 cm diameter at breast height (dbh) is estimated by 
counting in sample plots (0.01-0.05 ha for young-old stands). The sampling scheme (A, B or C) is then 
chosen using a key, such that complex stands are sampled more intensively. Following the sampling scheme, 
trees of 7 cm dbh or greater are counted, with the girth of every ‘nth’ tree measured, and every 10th girthed 
tree felled to measure its volume. The trees in each dbh class are totalled, and the mean tariff number 
calculated from the felled trees: the volume of the stand may then be calculated. A simplified system 
known as abbreviated tariffing may be used for low value stands, or where an inventory is required (i.e. no 
sale). The principal is the same as for the full tariff system, the number of trees in each dbh class must be 
estimated and a tariff number chosen, but the accuracy (and cost) of the estimation methodology is 
significantly reduced (Edwards, 1983). 
Relascoping 
An alternative to abbreviated tariffing is the estimation of basal area and top height, from which stand 
volume may be calculated. Basal area is the overbark cross-sectional area of the trunk at breast height; it 
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may be measured directly, for either the entire stand or a sample plot, but point sampling with a relascope 
is usual. Top height is the average total height of the 100 trees of largest dbh per hectare, normally 
measured with some form of altimeter; the height of the largest diameter tree at each relascope point is 
usually a suitable sample. Using Standard Volume Charts, the timber volume of each species present may 
then be calculated (Hamilton, 1975). 
A relascope works on the principal that in a stand, basal area (BA, m2ha-1) may be estimated by the number 
of random points (n) falling on a stem: 
100
000,10 nBA ×=  
By multiplying stem radius (r) by a constant factor (f), the number of zones (circles of radius fr centred on 
each stem) a point falls in may be counted. Given that the ratio of zone area to basal area is f2:1, basal area 
can be given as: 
2
000,10
f
zBA ×=  
where z is the number of zones counted per sample point. Because f is common to all stems, so is the 
angle Ø subtended at the perimeter of the zone from the diameter of the stem. A relascope works by 
incorporating the fixed angle Ø such that stems with an angle ≥ Ø contain the sample point and count 
towards z. Necessarily, a 360º sweep must be conducted at each sample point to determine whether each 
visible tree is counted or not. Two main kinds of relascope exist: the traditional type of a distance piece 
with a cross piece fixed at 90º, and the glass wedge prism type. With the traditional type, stems are 
counted if wider than the distance piece; whilst they are counted with the prism type if the image is 
laterally displaced less than the diameter of the stem (Hamilton, 1975). 
2.3.2 Habitat assessment 
Introduction 
Woodland habitats comprise structural, compositional and functional elements of diversity; habitat 
assessment seeks to record as much of that diversity as possible within the confines and aims of the survey 
programme. The Woodland Survey Handbook (Kirby, 1988) is still the default reference for the habitat 
survey of woodland; it details various techniques and approaches for woodland survey at the landscape 
(Level 1) and stand (Level 2) scales. Level 1 surveys are concerned with the extent, location and broad 
type (e.g. broadleaf vs. coniferous, ancient vs. recent) of the woodland resource in the landscape. 
Extensive use is made of existing data and maps, and Level 1 surveys may be entirely desk based. 
Nevertheless, some basic fieldwork (or remote-sensing) can be of use, such as habitat mapping and canopy 
cover surveys. The Forestry Commission’s irregular Censuses and decadal National Inventory of 
Woodland may be considered Level 1 surveys. Conversely, Level 2 surveys are field-survey biased, 
involving extended site visits (3-6 hours for a 30-50 ha site) during which an extensive list of features may 
be recorded. These features may include: location, extent and shape of wood, as well as the main internal 
features and boundaries; vascular plant species; stand structure; subsidiary habitats; adjacent land use and 
woodland boundary type; management, including signs of disturbance or introduced species; vegetation 
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types, i.e. NVC classification; rare species; and other species groups present. The primary output of a 
Level 2 survey is the description, i.e. everything that has been recorded about the wood. This may then be 
used to evaluate and classify the wood. 
Level 2 surveys necessarily include some form of sampling; most commonly this is by structured walk or 
plot-based sampling. Structured walks are usually treated as informal transects, covering as much variation 
in the stand as possible. Typically, presence of species observed during the walk, 2-3 m either side of the 
line of travel, would be recorded; although a post-walk estimate of average cover-abundance may be made 
for each species encountered, using the DAFOR scale (Table 2.1). Plot-based sampling uses plots 
distributed through the wood, in either random or stratified fashion. Plot number, size and location are 
determined by the aims of the survey but two major plot-based sampling methodologies have commonly 
been used for woodland: the Merlewood Plot Type and the National Vegetation Classification, which has 
largely superseded it (Bunce, 1982; Rodwell, 1991).  Both systems allocate plots to a predetermined 
classification, derived from an analysis of tree, shrub and field layer species occurring within an initial set of 
plots. The main difference is that the smaller Merlewood plot (14.1 x 14.1 m for tree and field layers) is 
not nested like the NVC plot (4x4 m or 10x10 m for field layer; 50x50 m for tree layer), biasing it towards 
the field layer and increasing survey times. NVC plots, like many quadrat surveys, use the DOMIN scale to 
assess the cover of each species present, providing more robust data than the inherently confounded 
DAFOR scale (Table 2.1). Of course, site classification is only one part of assessing the diversity of a 
woodland habitat but it does provide a useful framework in which other data may be collected and 
comparisons made between sites. 
Table 2.1: Scales for the visual estimation of plant species cover and abundance (source: Author) 
DOMIN % Cover (abundance)  DAFOR Cover-abundance 
10 91-100% 
9 76-90% 
8 51-75% 
} Dominant >50% cover – many individuals 
7 34-50%  Abundant <50% cover – many individuals 
6 26-33% 
5 11-25% 
} Frequent variable cover – many individuals 
4 4-10%  Occasional low cover- several individuals 
3 <4% (many)  
2 <4% (several) low cover – few individuals 
1 <4% (few) 
} Rare 
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Structural indicators 
Indices of stand structure are primarily concerned with measuring the diversity of the tree population, 
either horizontally (i.e. randomness of distribution) or vertically (i.e. canopy stratification). The horizontal 
spatial distribution of trees within a stand may vary from completely random to a regular pattern. Although 
this distinction may be clearest between semi-natural and plantation woodland, old-growth stands may 
have a regular distribution of large, veteran trees (Pommerening, 2002). Distribution indices may be based 
on simple counts or more complex measures of nearest neighbours; three of the most common are 
shown in Table 2.2, although others exist. Cox’s Index of clumping is the ratio of variance to mean stem 
number on sub-plots, and should be 1 if trees are randomly distributed. Clark-Evans Index of aggregation is 
a product of observed mean nearest neighbour distance with mean nearest neighbour distance in a 
random (Poisson) forest of the same density; values <1 indicate clumping, >1 regularity and =1 random 
(Poisson) distribution. Gadow’s Index of contagion is based on an estimate of mean heading angle to the 
four nearest trees; values <0.5 indicate regularity, 0.5<0.6 randomness and >0.6 clumping. 
Table 2.2: Stand structure indices 
Index Formula Notes 
Cox Index of clumping 
(Cox, 1971) x
sx
2
 
2
xs is the variance, x is the mean stem 
number per sub-plot 
Clark- Evans Index of aggregation 
(Clark & Evans, 1954) ∑
n
i
irn
ρ21  ir is nearest neighbour distance (m), ρ is 
trees m-2 
Gadow Index of contagion 
(Gadow, von Hui & Albert, 1998) ∑ ∑n
i
izn
4
14
11
 i
z is 1 if angle ≤ 90° or 0 if > 90° 
Mingling Index 
(Pommerening, 2002) ∑
=
n
j
ijvn 1
1
 ij
v is 1 if reference tree i and neighbour 
tree j are different species, otherwise 0 
Diameter Differentiation Index 
(Pommerening, 2002) ∑n
i
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1
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Distribution diversity indices may be extended in scope by the inclusion of other variables, such as tree 
species or dbh. For example, the Mingling Index (Table 2.2) gives the proportion of the n=3 nearest 
neighbours j of the ith reference tree which do not belong to the same species as the reference tree I, such 
that larger values indicate greater intermingling of species. Similarly, the Diameter Differentiation Index 
(Table 2.2) gives the mean diameter differentiation for the ith reference tree and its n=3 nearest neighbour 
j. Indices of this type are generally considered to perform well, although some may be preferred over 
others, depending on the application, and using them in combination can have advantages (Neumann & 
Starlinger, 2001). Their practical application in the field (Cox’s Index excepted) typically relies on 
a ’structural group of four’, consisting of a reference tree and its three nearest neighbours from which the 
various variables required by each index can be measured. This commonality allows various measures of 
distribution diversity to be assessed easily at the same time. 
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The diversity of a woodland canopy can be described in terms of its density and stratification; more 
detailed assessment of canopy elements is possible but typically falls outside the scope of habitat 
assessment (Kruijt, 1989). Canopy stratification may be considered in terms of phytomass, individual 
crowns, or species. The oldest method, profile diagrams, measures the height, crown length and crown 
width of each tree within a plot of approximately 40-70 m by 10 m; a scale drawing of the plot in profile 
may then be constructed and stratification subjectively identified. A degree of objectivity may be 
introduced by using the Stratification Index of Ashton & Hall (1992), which calculates the degree of 
difference in crown occupancy between the canopy level with the highest occupancy and the understorey 
level with the lowest. Canopy occupancy is determined directly from the profile diagram for each of ten 
equal strata, and higher index values indicate greater stratification. The Index does not, however, identify 
the number or location of strata, a weakness addressed by the Stratification algorithm of Baker & Wilson 
(2000). By comparing the height of a tree to the mean height of the base of the live crown of all taller trees, 
the algorithm identifies discontinuities in the vertical distribution of crowns, and hence the number of strata. 
As only tree height and crown base height are required, profile diagrams are not needed and sample plots 
may be more flexible (i.e. wider). 
Canopy density, as with stratification, may be measured using a range of methods of varying objectivity. 
Direct measurement of the light environment is beyond the scope of habitat assessment; therefore, 
canopy openness is typically assessed by more subjective estimates of canopy lighting or cover. Dawkins’ 
Crown Illumination Index, as modified by Clark and Clark (1992), is a simple seven point ordinal scale via 
which the canopy openness at any one point may be comparably estimated. Brown et al (2000) extended 
this concept by introducing a series of ellipses, printed on a piece of Perspex, through which observations 
are made, in order to reduce observer error (Table 2.3). Estimation of canopy cover can be similarly 
subjective, i.e. simple observer estimates of % cover, and may likewise be objectified with the use of simple 
devices, such as the moosehorn (Garrison, 1949), canopy-scope (Brown et al, 2000) and spherical 
densiometer (Lemmon, 1956). The moosehorn, and its development the canopy-scope, both consist of a 
piece of Perspex marked with 25 points in a 5x5 square array, through which the observer looks and 
counts the number of point that coincide with sky rather than canopy, allowing canopy cover to be 
estimated. The main difference between the two is that observations with the moosehorn are made 
vertically whilst the canopy-scope is pointed at the largest gap; both devices lose resolution as canopy 
cover falls below 70% (Brown et al, 2000). Spherical densiometers consist of a spherical mirror inscribed 
with a grid of 24 squares. Canopy cover is estimated by counting the number of squares occluded by the 
canopy, averaged over four readings (facing north, south, east and west) taken at each sample point 
(Lemmon, 1956). A more objective alternative is the use of hemispherical photography (Evans & Coombe, 
1959), which whilst previously too time consuming for habitat assessment, is now becoming more practical 
with the advent of digital cameras and software to estimate canopy cover from them (e.g. CANOPY; Fiala, 
Garman & Gray, 2006). 
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Table 2.3: Index value definitions for Crown Illumination Index and Crown Illumination ellipses 
(Brown et al, 2000) 
Index value Crown Illumination Index definitions Crown Illumination ellipses definitions 
5 Completely exposed to light from that 
part of the sky circumscribed by a 45 º 
zenith angle 
Completely exposed to light from that part 
of the sky circumscribed by a 45º zenith 
angle 
4 Full overhead light. Lateral light blocked 
within part of the sky circumscribed by a 
45º zenith angle 
Light from an overhead gap large enough to 
enclose an area twice the size of the largest 
ellipse 
3 Some overhead light (10-90% exposed 
to vertical light) 
Light from an overhead gap large enough to 
enclose the largest ellipse 
2.5 High lateral light (from one major or 
multiple medium-sized gaps) 
Light from a lateral gap large enough to 
enclose the largest ellipse or two medium 
ellipses 
2 Medium lateral light Light from a lateral gap large enough to 
enclose the medium ellipse or two small 
ellipses 
1.5 Low lateral light (no large or medium-
sized gaps) 
Light from a lateral gap large enough to 
enclose the smallest ellipse 
1 No direct light No canopy gap large enough to enclose the 
smallest ellipse 
Compositional indicators 
Compositional diversity is simply the diversity of species present within a habitat. Complete enumeration 
of all species present is generally not possible within the scope of any ecological or habitat assessment, 
therefore only a subset of species is usually considered (Caro & O’Doherty, 1999). Such ‘indicator’ species 
are typically utilised for two different reasons: 
“first because their presence and fluctuations are believed (or hoped) to reflect those of other 
species in the community, and second because they are believed to reflect chemical and/or physical 
changes in the environment.” (Simberloff, 1998) 
For British woodland, complete counts of tree and ground flora species (or indeed all plant species) are 
quite possible with some degree of sampling. Nevertheless, where woodland habitat assessment is 
concerned, two sets of ‘indicator’ species are particularly useful: Ancient Woodland Vascular Plants 
(AWVPs) (Rose, 1999) and woodland National Vegetation Classifications species (NVC) (Rodwell, 1991).  
The regional lists of AWVPs were originally drawn up by Francis Rose and Richard Hornby to include 
vascular plant species that: seldom occur outside woodland, or; even if they do, are nonetheless indicative 
of long continuity of woodland cover, or; seem to be reliable indicators in at least part of the region. 
Particularly rare species were then excluded and, with further field work and peer review, led to the 
formulation of final lists for the Nature Conservancy Council’s South-west, South, South-east and East 
Anglia regions. AVWPs have been widely used in nature conservation work, and have been shown to 
correlate well with the diversity of woodland plants, and act reasonably reliably as indicators of ancient 
woodland, although their uncritical use should be cautioned (Rose, 1999). The National Vegetation 
Classification project started in 1975 under the leadership of Dr John Rodwell, its aim was the: 
“production of a classification with standardised descriptions of named and systematically arranged 
vegetation types” (Rodwell, 1991) 
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Plots of relatively homogeneous vegetation were surveyed throughout Britain, such that the Domin scale 
frequency of each plant species present in a plot was recorded. Complex multivariate data analysis then 
identified the major vegetation types and constituent communities. Floristic tables for each community and 
sub-community could then be constructed listing the frequency (between sites) and abundance (within 
sites) of constituent species. Those species present in 81-100% (class V) and 61-80% (Class IV) of sites are 
referred to as ‘constants’, whilst class III (41-60%) may be considered ‘frequent’, class II (21-40%) 
‘occasional’, and class I (1-20%) ‘scarce’. The NVC system therefore provides lists of key recurrent species 
for all British woodland types, allowing classification without identification of all species. 
Functional indicators 
Ecosystem processes in woodland are many, varied and complex, involving: turnover, succession, 
phenology, energy flow, nutrient cycling, species interactions and hydrology (Packham & Harding, 1982). 
Most of these woodland processes are beyond the scope of habitat assessment but regeneration and 
deadwood may serve as useful indicators of turnover (plus succession) and decomposition processes 
(elements of nutrient cycling, energy flow, turnover and species interactions) respectively. Woodland 
regeneration is the seeding and growth of tree seedlings and saplings such that dying or destroyed trees 
are replaced and the woodland habitat remains. Regeneration may result in turnover, where the woodland 
community is unchanged following disturbance; or succession, where one community replaces another. 
Surveys of regeneration may be made by distance sampling or sample plot based methods. Distance 
sampling involves measuring the distance of a seedling/sapling from a point or line transect, from which the 
population size may be estimated by statistical techniques such as Fourier analysis or kernel estimation 
(Mack & Quang 1998). However, sample-plot based techniques are more commonly used. The stocked-
quadrat method compares actual stocking against the desired stocking level (n trees ha-1) by counting the 
number of 1/n ha sized plots that contain one established seedling that will fully stock the plot at maturity 
(Avery & Burkhart, 1994). Other sample-plot methods may be collectively referred to as plot-count 
because all involve counting the number of seedlings/saplings in a plot. Aside from variations in plot size, 
shape and layout, various degrees of complexity may be introduced into a plot-count regeneration survey. 
For example, Harmer, Kerr & Boswell (1997), when assessing lowland broadleaved woodlands that were 
being restocked by natural regeneration, used 2x2 m quadrats to assess seedling number and height, as 
well as total field layer cover, nested within 25x25 m quadrats in which overstorey and understorey 
species, cover and seed-bearing potential were assessed. 
Deadwood is typically assessed by the line-intercept method of Warren & Olson (Green & Peterken, 1997; 
Kirby et al, 1998). The method usually comprises 5-10 transects per stand, each 25 m or 50 m long 
depending on the frequency with which deadwood is encountered. All items of fallen deadwood, >5 cm 
diameter, that intersect the transect are recorded and their length and diameter measured. The deadwood 
log length and volume per ha may then be calculated according to the equations in Table 2.4. A 2 m wide 
zone either side of the transect may also be included, in which the length and diameter of other classes of 
deadwood may be recorded, e.g. stumps, snags, branchwood. In addition to length and volume, the decay 
class of each item of deadwood may also be recorded, according to the following scheme: 1, fresh fallen 
(previous 6 months), bark still on; 2, older material, most of the bark still attached, little evidence of rotting; 
3, bark partly detached, partly rotten, but log still reasonable intact; 4, rot well-advanced, log well-decayed 
and likely to collapse if pressure is applied. 
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Table 2.4: Calculation of fallen deadwood log length and volume using the line-transect method 
Calculation Formula Notes 
Length of fallen 
deadwood (L mha-1) 
14 )2(10 −= tNL π  N is number of intersections, t is transect length 
Volume of fallen 
deadwood (V m3ha-1) t
ndV
8
10422π=  n is the number of intersections for logs of diameter class d, t is transect length 
2.3.3 Rapid assessment 
Introduction 
Rapid assessment of the conservation value of a site, as opposed to more detailed ecological survey, has 
largely developed from work on the use of indicator species, typically through simplification of 
methodologies (e.g. use of morphospecies; Luff, 1987) or prediction of site quality using indicators and 
reference sites (e.g. benthic macroinvertebrates to predict river habitat quality; Wright, Sutcliffe & Furse, 
2000). Rapid assessment methods work by recording simplified data that are a valid analogue for data 
collected by more detailed ecological survey, thus minimising the effort and skill required to obtain useful 
data for nature conservation purposes. The Joint Nature Conservation Committee (JNCC) adopted this 
basic approach in their 1998 Statement on Common Standards Monitoring, in which UK-wide standards 
were established for the assessment of statutory sites designated as: Sites of Special Scientific Interest 
(SSSIs), Areas of Special Scientific Interest (ASSIs), Special Protection Areas (SPAs), Special Areas of 
Conservation (SACs), and Ramsar sites. 
Common Standards Monitoring differs from traditional longitudinal survey programmes by focusing on the 
condition of defined ‘interest features’, and assessing that condition against ‘conservation objectives’ rather 
than previous survey data. The ‘interest features’ are those for which the site was designated, and 
‘conservation objectives’ define their desired state. Typically, a series of attributes are identified that are 
likely to be important for each feature, and targets defined against which those attributes, and hence 
feature condition, may be assessed. The condition categories an interest feature may be allocated to are: 
favourable – maintained, favourable – recovered, favourable – recovering, unfavourable – recovering, 
unfavourable – no change, unfavourable – declining, partially destroyed, and destroyed. In addition to 
condition, activities on or near the site that could affect interest features, as well as management, are 
recorded. Monitoring is typically undertaken by local conservation officers to sub-nationally developed 
procedures; in England, these have been published for lowland grassland (Robertson & Jefferson, 2000), 
woodland (Kirby et al, 2002), and lowland heath (Alonso et al, 2003). 
Woodland SSSI monitoring 
The Woodland Lead Coordination Network, under the direction of the JNCC, devised a system for 
setting objectives and condition assessment in woodland SSSIs, forming part of JNCC’s Common 
Standards Monitoring (Kirby et al, 2002). Five broad attributes were defined for woodland interest features: 
area; structure and natural processes; regeneration potential; composition; and quality indicators (Table 
2.5). Targets are then set for each of these attributes, perhaps as many as five per attribute, and 
distinctions can be made between ‘major’ and ‘minor’ targets. A feature would normally be classed as in 
unfavourable condition if the targets were not met; however, failure to meet a minor target need not 
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compromise the integrity of the feature sufficiently to warrant an overall unfavourable designation. Targets 
should be state, not management, driven in order to better accommodate non-management driven change, 
although they may act as triggers for management. A target may typically have a range of acceptable values, 
rather than a single threshold value, and specialist woodland experience should not be assumed of the 
surveyor. 
Table 2.5: Woodland attributes and generic targets for SSSIs (modified from Kirby et al, 2002) 
Attribute Description Generic targets 
Area extent and, where appropriate, 
distribution of the woodland feature 
across the site; internal variations are 
considered under other attributes 
no loss of ancient semi-natural stands; 
maintenance of area, if not location, of 
recent semi-natural stands maintained 
Structure and 
natural 
processes 
balance between canopy and shrub 
layers; importance of old trees versus 
open space; level of dead wood 
present; extent to which structure is 
determined by natural processes rather 
than defined by management regime 
understorey over > 20% of stand; canopy 
cover 30-90 % of stand; at least 3 fallen 
dead trees >20 cm diameter per ha and 4 
standing dead trees per ha 
Regeneration 
potential 
level and distribution of saplings and 
young trees; extent of coppice or 
pollard re-growth; limits on planting 
Sufficient seedlings growing to saplings to 
young trees to maintain canopy over 10 
year period; <20% regeneration by 
planting; planting local and native stock 
only; no planting where it has not occurred 
in the last 15 years 
Composition level of native trees and shrubs; any 
minimum requirements to maintain 
particular species 
> 95% of cover in any one layer native 
or acceptable naturalised species; minimum 
levels of native species, if appropriate 
Quality 
indicators 
broad ground flora composition (NVC 
type or typical species); up to 4 other 
important elements not already 
covered (e.g. specific species, flushes, 
transitions) 
85% of ground flora cover referable to 
relevant NVC community; distinctive 
elements, patches or transitions maintained 
at current levels and in current locations 
where appropriate 
Field assessment of targets is by pre-planned structured walk with a set number of observation stops, 
frequently ten. As much variation of the site should be covered as possible, by cutting across 
compartments and contours, rather than following paths. At each stop, attributes area assessed in the area 
that can easily be seen, usually a 50x50 m plot, whilst the condition of rides, glades, ponds and other 
subsidiary habitats should also be assessed separately using appropriate protocols. A 10-20 ha stand 
should typically take an individual 2-5 hours to survey with this method. Targets should be judged as being 
met or not, based on an overview of the walk as a whole, using information from all stops. It is suggested 
that if more than two targets are not met (or 50%, whichever is smaller) then that feature should be 
classed as unfavourable. Technically, if one attribute fails, then the site as a whole may be classed as 
unfavourable. However, this may be modified depending on the specifics of the site and features in 
question, particularly with relevance to their respective importance. Similarly, the amount by which a 
target was missed, and the direction of any changes should also be taken into account. 
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Habitat Restoration Monitoring 
Habitat Restoration Monitoring (HRM) takes a similar approach to common standards monitoring but is 
applied to assess the extent to which new or restored habitats are likely to contribute towards improving 
the nature conservation value of a site and its surrounding area (Mitchley, Burch & Lawson, 1998; Burch et 
al, 1999; Mitchley et al, 2000). As with common standards monitoring, the methodology is target driven, 
but by general features of the target habitat and ecological requirements of desired target species rather 
than desired condition of interest features. Relevant site characteristics and attributes are then determined, 
based on these habitat features and ecological requirements. Site characteristics are important features of 
the site, which are essential if restoration is to proceed successfully; they may include physical features, 
such as soil type, and biological features, such as the presence of large mature trees. Attributes are 
measurable qualities or properties of the target habitat, which are associated with the successful 
development of the target site. Condition targets are set for attributes, and these are judged as being met, 
partially met or not met via field survey. Success of the restoration is judged by presence of site 
characteristics and the extent to which condition targets are met. 
Two monitoring methodologies are employed in the field assessment: M1, a general appraisal of the site as 
a whole; and M2, a sample based survey of the site. Both methodologies employ a structured walk of the 
site (W-shaped or linear), with the M2 methodology incorporating 10 sampling points, each consisting of a 
1m-radius semi-circle. Attribute targets are either assessed for the entire site (M1), or aggregated over the 
sampling points (M2), depending on the habitat in question. Targets also vary according to the habitat in 
question, and are usually assessed by simple observation; where a measure of abundance is required, a 
modified DAFOR scale is used. Scores are allocated to each target, according to whether it is met (2), 
partially met (1) or not met (0). The total score may then be compared against the theoretical maximum, 
allowing an assessment of overall restoration success. Examples of HRM site characteristics, attributes and 
targets for new woodland are given in Table 2.6. 
Tree condition assessment 
In addition to Common Standards Monitoring of woodland SSSIs and Habitat Restoration Monitoring of 
new woodland, rapid assessment based methods have also been applied to the assessment of tree 
condition in forest surveys (Innes, 1990). The key difference between this method and the others is that it 
is not target based; instead, it makes use of a series of subjective scales against which individual tree 
attributes are scored. These attributes are scores on multipoint scales, and include: dominance; canopy 
closure; defoliation; branch pattern and density; crown form and dieback; secondary shoots and shoot 
dieback; flowering and fruiting; leaf size and discoloration; and damage. Field assessment is by direct 
observation of 6 to 10 trees at four compass points, 25 m from the centre point (usually a 1x1 km or other 
grid point). Assessment of an individual tree is estimated to take 5-8 minutes and, post-assessment, 
average scores for each attribute give an overall indication of stand condition. 
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Table 2.6: Habitat Restoration Monitoring prescription for the establishment of new woodland 
(modified from Mitchley et al, 2000) 
Target Year 0/1 Year 2/3 Year 5 Year 10 
Site characteristics No obvious open habitat interest on or adjacent to site compromised by woodland 
creation; woodland or hedgerow nearby; open areas add habitat diversity 
Planted trees Failures <10% Failures <10% Failures <10% Failures <10% 
Canopy closure n/a Some trees >1m 
high 
All trees >1m high Most trees >2-3m; 
closure over part 
site 
Browsing damage >90% leaders free 
of damage 
>90% leaders free 
of damage 
>90% leaders free 
of damage 
>90% leaders free 
of damage 
Weed competition Trees not 
swamped 
Trees overtopping 
vegetation 
Trees overtopping 
vegetation 
Trees overtopping 
vegetation 
Field layer Vegetation 
established 
Vegetation 
established 
Vegetation 
established 
Vegetation 
established 
Planted species >5 including 1 
shrub 
>5 including 1 
shrub 
>5 including 1 
shrub 
>5 including 1 
shrub 
Woody species 
colonisation 
Margin: present Margin: present, 
Core: present 
Margin: occasional, 
Core: present 
Margin: occasional, 
Core: occasional 
Woodland species 
colonisation 
Margin: present Margin: present, 
Core: present 
Margin: occasional, 
Core: present 
Margin: frequent, 
Core: occasional 
2.3.4 Discussion 
Case for rapid assessment 
The central problem to WGS evaluation is one of cost: there are thousands of agreements in operation 
throughout Britain, with many covering up to 100 hectares of woodland or more. The resources required 
to adequately survey a representative sample of agreements using traditional ecological survey techniques 
would be significant and far beyond the level of evaluation spending that is prudent. As identified in the 
Problem Statement (Section 1.2), there is an opportunity to expand the scope of Forestry Commission 
Woodland Officer fieldwork beyond WGS applications and compliance checks, to include monitoring of 
WGS agreements, providing low-cost evaluation of Scheme effectiveness. Two major constraints are 
apparent in such an approach, namely the limited time and ecological skills of Woodland Officers. Because 
of these constraints, detailed habitat assessment is unfeasible, although the scope of biodiversity covered 
would allow comprehensive evaluation of Scheme effects. Conversely, forest mensuration techniques are 
certainly feasible with regard to time constraints, and are already familiar to many Woodland Officers; 
however, the information provided is too limited for Scheme evaluation. Rapid assessment provides a 
viable alternative to the other two methodologies, combining speed with low skill requirements, whilst 
providing less limited data on woodland habitats. However, the target-led approach of rapid assessment 
would place an additional burden on Woodland Officers, identifying attributes and defining targets for each 
WGS agreement site. Without such attributes and targets, assessment of condition is not possible; 
therefore, a case may be made for the development of a novel assessment protocol, with the reduced 
time and skill requirements of rapid assessment but the data-centric, rather than target-centric, focus of 
habitat assessment. 
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Assessing woodland structure 
The basic element of woodland structure is the trees, which can be considered in terms of stem density 
and distribution, as well as canopy cover and stratification. Forest mensuration techniques such as tariffing 
and relascoping offer objective means of recording a major part of that structure. Tariffing, with its reliance 
on pure even-aged stands and timber bias is not only unsuitable but also too time consuming. Relascoping, 
however, without estimating tree height, provides an adequate measure of standing tree basal area (i.e. 
density) that is not only quick and simple but also utilises basic equipment found in most Forestry 
Commission Local Offices. More detailed structural indices are available and measurements based on a 
‘structural group of four’ are little more complex than using a relascope. Nevertheless, the extra survey 
effort and data processing requirements, particularly for the Mingling and Diameter Differentiation Indices, 
question the value of such indices in a rapid assessment method. Furthermore, comparison of basal area 
measurements between sample points provides a crude estimate of the randomness of tree distribution, in 
similar fashion to Cox’s Index. Measures of canopy stratification are simply too complex for a rapid 
assessment method, although estimates of canopy cover are potentially suitable. The use of simple devices 
(e.g. canopy scope, spherical densiometer) to measure cover provides a greater degree of objectivity than 
basic visual estimates with little more survey effort. However, stratification is not considered, as it may be 
with visual estimates, and extra equipment is required, questioning the overall value of such devices for 
rapid assessment. 
Assessing woodland composition 
The detail in which woodland composition may be recorded is ultimately limited by the species 
identification skills of Woodland Officers. Whilst this should include most, if not all, tree species, 
assessment of the rest of the community is more problematic. The use of indicator species, such as the 
relatively well know AWVPs and commonly encountered NVC constants, is feasible within the confines of 
a rapid assessment method; however, such indicators only provide information on one aspect of woodland 
composition. In the case of AWVPs, they may be used as surrogates for woodland habitat diversity but 
only provide limited information on the actual composition and abundances of woodland plant 
communities; likewise, NVC constants only provide a generic overview of community composition. Rapid 
assessment techniques, such as the visual assessment of cover type and abundance, can provide more 
detailed community information, complementing that of indicator species, albeit aggregated above the 
species level. For example, a DAFOR based assessment of the field layer, considering cover-abundance of 
different elements of the vascular plant community (e.g. herbaceous versus woody species) would provide 
more information than a simple list or count of indicator species present. 
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Assessing woodland function 
Regeneration and deadwood are the only indicators of woodland function that can be included within a 
rapid assessment method. Regeneration surveys by distance sampling are inappropriate due to the analysis 
required; however, plot-based sampling of regeneration is possible within the confines of a rapid 
assessment method. Pre-defined stocking densities are only available for some WGS woodlands; therefore, 
some form of plot-count method is more suitable, and for matters of expediency, a rapid assessment 
based visual estimate (i.e. DAFOR) may be preferable to a count. Estimation of fallen deadwood by line-
transect, with an adjacent 2 m zone either side to record standing deadwood is, in principal, within the 
scope of rapid assessment. Nevertheless, measured transects do not fit neatly with the rapid assessment 
concept of search areas at stopping points; however, calculation of deadwood volume (standing and fallen) 
within a defined search area would only be a minor modification of the line-transect approach. 
Non-woodland habitats 
Woodlands do not exist in isolation: they are surrounded by other habitats ranging from intensive farmland 
to ancient woodland. Furthermore, a number of non-woodland habitats may regularly be found within 
woodlands, such as grassland (rides and glades) and freshwater (streams and ponds). These adjacent and 
subsidiary habitats contribute to woodland diversity, and are often considered in WGS agreements. Both 
Level 2 surveys of woodland and rapid assessment methods consider basic, easily recorded information 
about the location, size and character of adjacent and subsidiary habitats. 
Conclusions 
An examination of woodland survey methods from a number of different backgrounds has identified the 
need for a novel assessment protocol that can be implemented by Forestry Commission Woodland 
Officers as part of a national WGS monitoring programme. Rapid assessment techniques, with their speed 
and low skill requirements, are well suited to form the core of this protocol; however, their target-centric 
nature conflicts with the manner in which the WGS is operated. Therefore, whilst recording of condition 
data, rather than a favourable/unfavourable judgement, is possible, it is necessary to supplement this in 
some areas with information derived from other methodologies: namely, forest mensuration and a diverse 
range of habitat assessment techniques. In Chapter 3, the development of this protocol is discussed and its 
application in a case-study area (Kent) planned. 
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3 Methodology 
Chapter 2 reviewed three areas of literature to inform the development of a novel monitoring and 
evaluation protocol for the WGS, and concluded that one based on the principles of condition monitoring 
would be most suitable. Chapter 3 draws on that review to present such a Protocol and devise a diversity 
Index that may be used alongside it to enhance the Protocol’s evaluation role. A case study is then planned 
to test and facilitate the development of the Protocol and Index, as well as provide a preliminary 
assessment of WGS effectiveness. 
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3.1 Protocol development 
3.1.1 Introduction 
Effective assessment of the WGS, to strengthen its UKBAP role, requires the development of a novel 
condition monitoring based methodology for the monitoring and evaluation of individual WGS agreements 
(see Section 1.2). The most significant departure of the proposed Protocol from standard condition 
monitoring (e.g. Kirby et al, 2002) is the lack of predefined targets for assessing favourable condition. 
Therefore, the initial scope of diversity recorded by the Protocol was somewhat wider than might 
ultimately be desirable. A process of verification and refinement allowed the draft Protocol elements that 
most reliably captured the greatest range of diversity to be identified and incorporated into a revised 
version.  The absence of specific condition targets limits the evaluation role of the Protocol; therefore, a 
diversity Index was be developed alongside the Protocol, which may be used post-survey to compare 
diversity between stands and over time. The relative strengths and weaknesses of a range of woodland 
survey techniques, potentially suitability for use in rapid assessment, were discussed in Section 2.3. For any 
of those techniques to be included in the Protocol, they must be capable of being integrated into a simple, 
unified sampling process. This necessitates a number of compromises in the selection of techniques for the 
draft Protocol, to ensure recording is feasible within the confines of a condition monitoring-style structured 
walk with limited sampling points. 
3.1.2 Protocol components 
Agreement information 
Each WGS agreement contract contains a wealth of information about the woodland in question and the 
works planned during the agreement period. Typically this includes, but is not limited to: a description of 
the woodland and its constituent compartments (e.g. major tree species, area, history); a map showing 
compartments, rights of way and other features (e.g. rides, glades, ponds); a detailed plan of works (type, 
area, timing); payment rates; agreement aims; and any statutory or other designations that apply (e.g. SSSI, 
ancient semi-natural woodland). Because WGS woodlands are usually managed at the compartment level, 
the Protocol uses compartments, rather than entire woodlands, as the basic survey unit. Agreement maps 
are used to plan a condition monitoring-style structured walk for each compartment. The walk should aim 
to cover as much of a compartment as possible, suggesting a zigzag or ‘w’ shape where practicable, with 
predefined sampling points (e.g. at the nodes). Other relevant features, such as rides and glades, are also 
identified from the map prior to survey. The remaining contract data are less relevant to survey planning 
but are important for evaluating the agreement, so they were recorded pre-survey and fed into the analysis 
alongside the survey data. 
Sampling points 
The size and number of sampling points is critical to the balance between survey speed and data quality. 
Woodland survey and condition monitoring methods utilise a wide range of sample plot sizes, although the 
field layer is usually recorded with a smaller plot than trees or shrubs (Table 3.1). Strictly defined quadrats 
of differing sizes for different elements of the community, as in NVC plots, are not appropriate given the 
intended ease of use of the Protocol, despite the efficiency of the approach. Conversely, the loosely 
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defined ‘area of view’ (~50x50 m) used in woodland SSSI monitoring, whilst easy to use, is inappropriate 
because of potential between-surveyor differences, the likelihood of over-emphasising ‘interesting’ features, 
and the large area of field layer covered. Habitat Restoration Monitoring, however, offers a potentially 
suitable approach, surveying within a set distance from a point, although a 1 m-radius semi-circle is too 
small for established woodland. If this were extended to a 5 m-radius circle, the total plot size would be 
78.5 m2, which is not much less than the 10x10 m NVC field layer plot but is significantly easier to visualise, 
especially in dense vegetation. This is still too small to adequately survey the tree layer (cf. NVC 50x50 m); 
however, it could easily be combined with an appropriate point sampling technique (e.g. relascope). 
Table 3.1: Sample plots utilised in various woodland survey and condition monitoring methodologies 
(Bunce, 1982; Rodwell, 1991; Mitchley et al, 2000; Robertson & Jefferson, 2000; Kirby et al, 2002; 
Alonso et al, 2003) 
Methodology Dimensions (m) Size (m2) Number 
Condition monitoring:    
grassland 1m-radius, 2x2 3.14, 4 20 
lowland heath 2x2 4 20 
woodland 50x50 2500 10 
Habitat Restoration Monitoring ½(1m-radius) 1.57 10 
Merlewood Plot Type 14.1x14.1 200 ~ 
Woodland NVC (original):    
field layer 4x4. 10x10 16, 100 ~ 
tree layer 50x50 2500 ~ 
Woodland NVC (revised):    
field layer 5x5 25 5 
tree layer 35x35 1225 5 
Disregarding Merlewood and the original NVC, 5 plots per stand is the minimum, with 10 or 20 being 
usual (Table 3.1). Twenty small plots, whilst suitable for dense field layer habitats (i.e. grassland and heath), 
are unsuitable for the coarser-grained woodland field layer; larger plots are more suitable with fewer being 
required to maintain survey effort. Therefore, 10 sample plots were initially considered for the Protocol, 
consisting of a 5 m-radius circle with a suitable point sampling technique to capture the tree layer. 
Ultimately, a relascope sweep was chosen, which caused problems in small stands because sweep radii can 
reach 28 m where expected dbh is 80 cm (Edwards, 1983). This equates to nearly 2500 m2, resulting in a 
sampling rate greater than 100% in stands smaller than 2.5 ha. Given that 28% of WGS woods are less than 
2 ha, with many more containing compartments smaller than 2 ha, it was necessary to reduce the number 
of sampling points in small stands. Table 3.2 illustrates sampling intensities for the field and tree layers for a 
range of stand sizes and number of sampling points. A sliding scale of one sampling point per hectare 
would provide consistent sampling but may bias mean estimates for small compartments (i.e. assuming 
compartment features are normally distributed, taking fewer samples increases the risk of the sample and 
population means deviating). Cursory examination of a random sample of WGS agreements indicated that 
most compartments (60%) are between 1 and 5 ha in size. Therefore, 10 sample points were used for 
compartments of 5 ha or greater, reducing to five for compartments between 1 ha and 5 ha, with just one 
for compartments of less than 1 ha. This way, most compartments required five sample points, which is 
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easy to remember and consistent, with only especially large or small compartments requiring more or 
fewer sample points, respectively. 
Table 3.2: Sampling intensities (%) for a range stand sizes and sample point numbers, using a field 
layer plot of 78.5 m2 (5 m-radius circle) and a tree layer plot of 2500 m2 (approximate maximum 
relascope sweep); sampling exceeds 100% in small stands with many sampling points; sliding scale in 
italics, stepped in bold 
Stand size (ha) Number of sampling points 
Field layer 
(78.5 m2 plot) 1 2 3 4 5 6 7 8 9 10 
1 0.79 1.57 2.36 3.14 3.93 4.71 5.50 6.28 7.07 7.85 
2 0.39 0.79 1.18 1.57 1.96 2.36 2.75 3.14 3.53 3.93 
3 0.26 0.52 0.79 1.05 1.31 1.57 1.83 2.09 2.36 2.62 
4 0.20 0.39 0.59 0.79 0.98 1.18 1.37 1.57 1.77 1.96 
5 0.16 0.31 0.47 0.63 0.79 0.94 1.10 1.26 1.41 1.57 
6 0.13 0.26 0.39 0.52 0.65 0.79 0.92 1.05 1.18 1.31 
7 0.11 0.22 0.34 0.45 0.56 0.67 0.79 0.90 1.01 1.12 
8 0.10 0.20 0.29 0.39 0.49 0.59 0.69 0.79 0.88 0.98 
9 0.09 0.17 0.26 0.35 0.44 0.52 0.61 0.70 0.79 0.87 
10 0.08 0.16 0.24 0.31 0.39 0.47 0.55 0.63 0.71 0.79 
Tree layer 
(2500 m2 plot) 
1 2 3 4 5 6 7 8 9 10 
1 25.00 50.00 75.00 100.0 125.0 150.0 175.0 200.0 225.0 250.0 
2 12.50 25.00 37.50 50.00 62.50 75.00 87.50 100.0 112.5 125.0 
3 8.33 16.67 25.00 33.33 41.67 50.00 58.33 66.67 75.00 83.33 
4 6.25 12.50 18.75 25.00 31.25 37.50 43.75 50.00 56.25 62.50 
5 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 
6 4.17 8.33 12.50 16.67 20.83 25.00 29.17 33.33 37.50 41.67 
7 3.57 7.14 10.71 14.29 17.86 21.43 25.00 28.57 32.14 35.71 
8 3.13 6.25 9.38 12.50 15.63 18.75 21.88 25.00 28.13 31.25 
9 2.78 5.56 8.33 11.11 13.89 16.67 19.44 22.22 25.00 27.78 
10 2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 
Abundance assessment 
Visual estimates of species cover and/or abundance against a predefined scale are the norm for quantifying 
composition in most woodland survey methods. There are three scales in common use: Braun-Blanquet, 
DOMIN and DAFOR (Sutherland, 1996). NVC assessments use the DOMIN scale, whilst DAFOR is used 
in condition monitoring; details of both scales were given in Table 2.1. The key advantages of the DAFOR 
scale are its simplicity and speed; cover and abundance are confounded but abundance is dealt with 
somewhat better than DOMIN, where it is only relevant when cover is less than 4%. Therefore, the 
DAFOR scale was used for any estimates of cover and/or abundance in the Protocol where a count or 
presence/absence was not required. 
3.1 Protocol development 
75 
Structure 
Stand-scale structure primarily comprises tree density and distribution, as well as canopy cover and 
stratification. Two different approaches are potentially suitable for the rapid estimation of tree density and 
distribution: one based on the ‘structural group of four’ and the other relascope based. The relascope 
offers an objective means of estimating tree density (basal area) that will be familiar to many Woodland 
Officers, and comparison of basal area estimates between sampling points provides a crude estimate of 
tree distribution. Indices based on a ‘structural group of four’ are no more effort to record and provide 
more detailed information on tree distribution diversity; however, absolute density is not considered. 
Whilst it would have been possible to utilise both methods, the extra post-survey calculation required with 
‘structural group of four’ indices and the ability of multiple-point relascope data to mimic Cox’s Index, 
meant that only the relascope sweep was used in the Protocol. 
Objectified measures of canopy stratification are too complex for rapid assessment, leaving visually 
stratified estimates of cover as the only option. Simple devices, such as the canopy-scope or spherical 
densiometer, could be used as an objective measure of overall canopy cover but this would result in 
duplication of effort if visual estimates of stratification were also made. In order for the Protocol to be able 
to differentiate between, for example, mature and stem-exclusion stage stands some indication of the 
canopy stratum that cover falls into must be included. Therefore, cover and stratification were recorded 
by a visual estimate of percentage cover in each of four vertical strata, roughly corresponding to the: upper 
canopy (>15 m), lower canopy (5-15 m), upper understorey (2-5 m), and lower understorey (<2 m). Four 
strata are chosen because this is the typical maximum number found in woodland (Baker & Wilson, 2000) 
and arbitrary heights are defined to help minimise differences between surveyors and identify stands of 
different stature. To further minimise between-surveyor differences, cover was only estimated to the 
nearest 10% and visual aids were provided. Survey speed is greater than with simple devices, and no 
equipment is required. 
Composition 
The detail in which compositional diversity may be assessed is limited by the identification skills of 
Woodland Officers, which are likely restricted to tree and other common woodland plant species. 
Condition monitoring does not seek to record all species present in a stand, instead predefined groups or 
individual indicator species are considered, and estimates of abundance are usually made above the species 
level. The use of a relascope sweep to measure tree basal area affords the opportunity to quickly estimate 
tree species diversity (calculated with the Shannon index; Magurran, 1988) by noting the species of each 
tree counted in the sweep; however, such detailed assessment cannot be expected for the epiphyte and 
field layer communities. In those cases, a combined approach of cover estimated at a very general level and 
the identification of a limited number of indicator species is more suitable. 
The composition of the field layer can be described in terms of the relative abundance of the constituent 
species groups based on major morphological differences: herbs, graminoids (grasses and grass-like species 
such as sedges and rushes), woody plants, ferns, and bryophytes. Leaf litter and bare ground are also 
included because of their ecological importance to decomposition and regeneration cycles, respectively. 
This allows the extent and type of the ground flora community to be described without needing a detailed 
description of its species composition. For example, this method should distinguish the ferny underscrub of 
3.1 Protocol development 
76 
W10 woodland from the woody underscrub of W8 woodland and highlight the vernal change from litter 
to herb dominated field layer in W10 woodland. Likewise, the composition of the epiphyte community 
may be described in terms of the relative abundance of mosses, lichens, and vascular plants. In both cases, 
the DAFOR scale was used. It should be noted that, although important, fungi could not be considered 
because of the very short period in which fruiting bodies may be observed. 
The inclusion of appropriate indicator species in the Protocol, without site-specific targets, was somewhat 
problematic as the range of woodland plants and the associations they form are many and varied. 
Nevertheless, it was important, at least in the development stages of the Protocol, to include an element 
of species-level recording (other than trees) to provide more detailed information on species diversity. 
Ancient Woodland Vascular Plants (AWVPs) and NVC species are widely used in woodland habitat 
assessment and represented a suitable base from which to select indicator species for the Protocol. As 
described in Section 3.3, below, the Protocol was initially tested in Kent; therefore the list of AWVPs was 
limited to those of the south-east (Rose, 1999), and NVC species limited to those of woodland and scrub 
types found in lowland England: W1, W2, W4, W5, W6, W7, W8, W10, W12, W13, W14, W15, W16, 
W21, W22, W23, W24 and W25 (Rodwell, 1991). At 90 species (excluding trees) the list of AWVPs was 
acceptable for use in the initial study; post-survey analysis allowed a smaller core of species to be identified 
that best captured the diversity of WGS woodland. The list of NVC species was, however, too large; 
therefore, the most uncommon species were excluded, i.e. those with a frequency of I. This produced a 
list of 137 species that had a frequency of V to II and occurred in at least one of the lowland woodland or 
scrub communities. Excluding AWVPs, lower plants, because of identification difficulties, and trees, 
because they are covered in the relascope sweep, reduced this list to 85 species, which was a manageable 
number for the case study. Lists of both types of indicator species are given in the Appendix. 
Function 
The inherent complexity of woodland function precludes its comprehensive assessment by condition 
monitoring methods. Deadwood and regeneration are typically the only indicators of woodland function 
that can be assessed with a degree of rapidity, although the sample point-based recording of stand 
structure (above) allows its beta-diversity to be considered. Plot-based techniques for assessing 
regeneration are most appropriate and, because there is no predefined stocking target for the majority of 
WGS woodland, a plot-count technique is necessary. Given that field layer and epiphyte cover-abundance 
were assessed using the DAFOR scale, it was practical to use the same technique to record seedlings 
(<0.2 m high), saplings (<1 m) and young trees (<2 m). 
Line-intercept methods for assessing deadwood could have been incorporated into the Protocol between 
sampling points; however, given the likely variations in stand size and shape, and the consequent effects on 
inter-sample distances, measuring transects would have added unnecessary complexity. Instead, 
deadwood was recorded at sampling points with the other elements of diversity. Standing deadwood was 
included in the relascope sweep to give a basal area figure; whilst fallen deadwood (>5 cm diameter) was 
quickly measured to the nearest centimetre diameter and half metre length, within the 5 m-radius sample 
plot, to give an estimate of volume per ha that is not dissimilar to the line-intercept method. It was also be 
possible to use the diameter measurements to estimate the size class diversity of fallen deadwood post-
survey. 
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Woodland structure has important implications for functional diversity that are not considered above; 
namely, the beta-diversity of differing woodland structures (i.e. age classes) between sampling points, and 
the consequent effects on light-regime and micro-habitat diversity. By counting the number of distinct 
structures found in a compartment, with reference to the structure recorded at each sampling point, an 
estimate can be made of the structure-class diversity. For example, a 2 ha compartment may contain four 
sample points with a mature high-forest structure (high canopy cover, low understorey cover) and one 
that is regenerating (low canopy cover, high understorey cover), giving a structure-class diversity of 2. 
Subsidiary habitats 
Woodland compartments do not exist in isolation; they are surrounded by other habitats ranging from 
intensive farmland to ancient woodland, and may frequently contain non-woodland habitats such as 
grassland and freshwater. These habitats are very much ancillary to the woodland habitat, from the 
perspective of the WGS. Nevertheless, they are specifically considered in a number of agreements and 
make positive contributions to the biodiversity of a woodland site. Detailed consideration of such habitats 
is beyond the scope of the Protocol; however, the recording of certain key details was possible within a 
condition monitoring-based approach, and provided basic information on the value of such habitats to the 
woodland as a whole. WGS agreement maps typically mark the location and extent of rides, glades, 
watercourses and ponds, which are the most common woodland-associated habitats. This allowed them 
to be visited, either as part of the structured walk or afterwards. The key features that were easily 
recorded were: ride width and zonation; glade size and vegetation type; watercourse width and flow; and 
pond size and presence of islands or muddy shallows. As for adjacent habitats, these were recorded at a 
basic level (e.g. arable, grassland, woodland) when visiting the site, or determined from appropriate GIS 
datasets afterwards. 
3.1.3 Draft Protocol 
An overview of the draft Protocol is provided in Tables 3.3 & 3.4 and illustrated in Figures 3.1 & 3.2. Briefly, 
the Protocol begins with an examination of the WGS agreement contract and compartment map, from 
which a structured walk is planned for each compartment with a predefined number of sampling points 
according to compartment size; adjacent and subsidiary habitats are noted separately.  The agreement 
woodland is then visited and the pre-planned walks conducted. At each sampling point, a relascope sweep 
is carried out to estimate basal area, species diversity and standing deadwood of the tree layer. An area of 
5 m-radius around the sampling point is then examined to assess: % vegetation cover of the understorey 
and canopy; DAFOR composition of the field layer; presence of indicator species; DAFOR composition of 
the epiphyte community; DAFOR estimate of regeneration; fallen deadwood length and diameter; and 
structure class (with reference to the remainder of the compartment). Post survey, a biodiversity Index is 
calculated for each compartment (detailed in Section 3.2), and comparisons may be made with the 
contracted management operations. 
This Protocol was used in a case study in Kent (see Section 3.3) with the dual aim of testing and developing 
it as a novel methodology for the monitoring and evaluation of the Woodland Grant Scheme (Chapter 5), 
and examining the effects of WGS management on woodland biodiversity (Chapter 6). 
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Table 3.3: Overview of the draft Protocol 
Source  Data  Work Detail 
WGS 
contract 
→ Compartment 
data and map 
→ Structured walk 
per compartment 
 <1 ha = 1 sample point 
 1<5 ha = 5 sample points 
 >5 ha = 10 sample points 
 plus subsidiary habitats 
    ↓  
  Sample point  Relascope sweep  tree basal area (m2ha-1) [S] 
 tree species diversity (H’) [C] 
 standing deadwood (m2ha-1) [F] 
    &  
    5m radius search  vertical cover (10% bands) [S] 
 field layer (DAFOR) [C] 
 indicator species (presence) [C] 
 epiphytes (DAFOR) [C] 
 regeneration (DAFOR) [F] 
 fallen deadwood (m3ha-1) [F] 
 structure class [F] 
    +  
    Subsidiary habitats  rides (width, zones) 
 glades (size, shrubs/trees) 
 streams (width, flowing) 
 ponds (size, island, shallows) 
     ↓  
 → Management 
data 
→ Analysis  effects of management 
     ↓  
GIS 
datasets 
→ Compartment 
surroundings 
→ Index  biodiversity value 
[S] structural diversity; [C] compositional diversity; [F] functional diversity; H’ Shannon index 
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Table 3.4: Items to be recorded at each sampling point 
Survey item Description Code 
Tree basal area number of trees wider than relascope gap x 
counting factor = m2ha-1 
TBA 
Canopy cover - upper % cover (to nearest 10%) CCU 
Canopy cover - lower % cover (to nearest 10%) CCL 
Understorey cover - upper % cover (to nearest 10%) UCU 
Understorey cover - lower % cover (to nearest 10%) UCL 
Tree species diversity Shannon index* calculated with TBA data TSD 
Indicator species - ancient presence/absence ISA 
Indicator species - woodland presence/absence ISW 
Field layer - bare ground DAFOR (on ground) FLB 
Field layer - ferns DAFOR (on ground) FLF 
Field layer - graminoids DAFOR (on ground) FLG 
Field layer - herbs DAFOR (on ground) FLH 
Field layer - leaf litter DAFOR (on ground) FLL 
Field layer - mosses DAFOR (on ground) FLM 
Field layer - woody plants DAFOR (on ground) FLW 
Epiphytes - lichens DAFOR (on branches/trunks) EPL 
Epiphytes - mosses DAFOR (on branches/trunks) EPM 
Epiphytes - vascular plants DAFOR (on branches/trunks) EPV 
Regeneration - seedlings DAFOR (on ground) RSE 
Regeneration - saplings DAFOR (on ground) RSA 
Regeneration - young trees DAFOR (on ground) RYT 
Deadwood - fallen length (to nearest 50cm) x ½ diameter (to nearest cm, >5cm) squared x pi = m3ha-1 
DWF 
Deadwood - diversity number of each diameter (nearest cm) DWD 
Deadwood - standing standing dead trees wider than relascope gap x counting factor = m2ha-1 DWS 
Structure class diversity Count if structure distinct from previous sample points SCD 
* ∑
=
−=′
S
i
ii ppH
1
ln  where S is the number of species and pi is the relative 
abundance of each species 
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Figure 3.1: Illustration of the sample point (origin), search radius for recording vertical structure (5 
m) and likely maximum relascope distance for recording basal area (30 m) 
 
Figure 3.2: Illustration of the 5 m-radius search area around the sample point (not to scale) 
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3.1.4 Discussion 
Protocol validation 
As a significant departure from standard condition monitoring, the draft Protocol requires validation of the 
reliability, accuracy and usefulness of the data recorded. Considering other condition monitoring 
methodologies, validation of the data is usually carried out by conducting a detailed ecological survey in 
parallel with the condition monitoring (Mitchley et al, 2000; Robertson, Bingham & Slater, 2000). However, 
the time and effort required to conduct such verification for the draft Protocol would have severely 
restricted the number of WGS agreements surveyed in the case study (see Section 3.3), limiting the WGS 
assessment element of the research (Aim 2). Given the success of other studies at validating condition 
monitoring data, an alternative if somewhat less rigorous approach was used, relying solely on data 
recorded by the Protocol to test a number of a priori predictions about the response expected. 
Predicted responses – compartment characteristics 
At the most basic level, data recorded by the Protocol should be able to distinguish between 
compartments of completely different types, i.e. recently managed vs. unmanaged. Therefore, a factor 
analysis of the major axes of variation in the data should at least demonstrate a difference in response 
between regenerating (i.e. recently managed) compartments and established, mature ones (see Subsection 
5.1.1). Considering other characteristics in which compartments may differ, age, size and protected area 
designation can be all expected to have a significant effect on the diversity of a stand (Table 3.5), which 
should be detectable in data recorded by the Protocol through an ordination-based analysis (see 
Subsection 5.1.3).  
Compartment age is important because of the changes that take place as a wood becomes established. 
Newly planted compartments can be expected to have significantly reduced vertical structure, basal area, 
epiphytes, indicator species and deadwood, compared to established compartments. In addition, the 
ground cover will tend to be grass dominated, which is unusual in established woodland. Ancient 
woodlands, however, do not necessarily differ from established plantation woodlands to nearly the same 
extent. Of the biodiversity variables recorded, only the number of ancient woodland indicators can be 
expected to show a significant difference between ancient and plantation woodland. Therefore, in an 
ordination analysis, newly planted woodlands, not ancient ones, should form a distinct group.  
Compartment size can also be expected to have a significant relationship with biodiversity, in accordance 
with species-area theory (Rosenzweig, 1995). Therefore, the ordination analysis should show a distinct 
spread of compartments according to their size. Furthermore, compartments designated as a SSSI or NNR 
can be expected to be, on average, more diverse than non-designated compartments, except perhaps 
where an SSSI has been chosen for a very specific interest feature. Therefore, the ordination analysis 
should show distinct, perhaps slightly overlapping, groupings of designated and non-designated woodlands. 
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Table 3.5: Summary of expected responses of the Protocol data to ordination against stand 
characteristics 
Stand characteristic Expected ordination response 
Age Newly planted stands as distinct group 
Size Gradation of stands according to size 
Protected area designation Two mostly distinct groups 
Predicted responses – tree basal area 
Basal area, measured with a relascope, is the single most objective variable recorded by the Protocol, and 
the one least prone to surveyor error or differences between surveyors.  It can be predicted a priori to 
have a range of specific relationships with the other Protocol variables, principally derived from well-
known changes that occur during stand maturation (Table 3.6). A regression-based analysis of each 
Protocol variable against basal area demonstrated whether the expected relationship was found and, 
therefore, whether the more subjective Protocol elements were providing reliable data (see Subsection 
5.1.4). 
Canopy cover is expected to increase with increasing basal area; however, canopy closure can occur 
relatively early in a stand’s rotation, meaning the rate of increase may slow as the stand matures, i.e. at high 
basal areas. Understorey cover is also expected to increase; however, the relationship will become less 
distinct at high basal areas due to possible understorey exclusion and the presence of early to mid-rotation 
coppice and stem-exclusion stage stands that may have considerable cover but relatively low basal area 
due to small individual stem sizes. It may be expected, therefore, that understorey cover will peak at 
moderate basal areas, before falling. 
Complex relationships will exist between basal area and the various interdependent components of the 
field layer. Litter may be expected to increase with basal area as field layer species, particularly herbs, are 
excluded, although this will change seasonally in woods with a strong vernal flora and soil type can be 
important. Nevertheless, the typically herb dominated ground flora of recently cut compartments, 
especially coppice, suggests that herb abundance will fall with increasing basal area. Grasses will be most 
abundant at the low basal areas typically associated with parkland or newly planted compartments, 
whereas bryophytes could be expected to favour the damp, shady conditions associated with higher basal 
areas. Ferns and woody species are more likely to be affected by woodland type than basal area, although 
the latter may be well controlled in managed immature stands. Likewise, bare ground can also be expected 
to be independent of basal area because it is primarily a result of disturbance. 
Epiphyte cover/abundance will be low beneath a threshold level of basal area, because the trunks and 
branches will be too immature. Once past that critical level, an independent relationship with basal area is 
expected because, although epiphytes could be expected to increase with stand age and basal area, stands 
of shorter-rotation mature coppice and plantation conifers will disrupt that relationship.  
Indicator species should increase to a maximum at moderate basal areas before falling off with increasing 
shade at high basal areas. The relationship could be confused at low basal areas because species numbers 
may be high in recently cut compartments, especially coppice but low in newly planted compartments. 
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Tree species diversity should increase with basal area according to species-area theory; however, the 
limited number of native species suggests a plateau may be reached, as does the occurrence of dense 
single-species plantations and coppices. 
With regard to woodland regeneration, seedlings could be expected to increase with basal area as seed 
supply increases but this may be offset by increased shading and reduced micro-site availability. Saplings 
should be most common at low basal areas, due to new planting and restocking, and gradually decline as 
the compartment matures, basal area increases and recruitment is suppressed. Young trees will increase 
with basal area as compartments mature until a peak is reached at the stem-exclusion stage, after which 
young trees will decrease as they are excluded by thinning. 
Standing deadwood should increase with basal area due to greater supply of ageing trees; however, the 
relationship may be less clear at high basal areas due to effects of dense plantation stands, which are 
managed to remove deadwood. Fallen deadwood should increase with basal area as the compartment 
matures and deadwood is accumulated; however, there are potentially problems of recently felled 
compartments in which deadwood is retained and dense conifer stands and coppice where it is removed. 
The diversity of fallen deadwood will be low at low basal areas due to the poor supply, but should 
otherwise be independent. 
Finally, structure class diversity will be necessarily low at low basal areas and should increase to a 
maximum at mid basal areas due to the influence of managed stands. At high basal areas structure class 
diversity should tend to decrease as the consistent, dense structures required to achieve high basal areas 
tend to preclude much diversity. 
Table 3.6: Summary of predicted responses of the Protocol data to regression against stand basal 
area 
Protocol variable Code Response Protocol variable Code Response 
Canopy cover – upper CCU logistic inc. Field layer mosses FLM linear inc. 
Canopy cover – lower CCL logistic inc. Field layer woody species FLW logistic inc. 
Understorey cover – upper UCU unimodal Epiphytic lichens EPL logistic inc. 
Understorey cover – lower UCL unimodal Epiphytic mosses EPM logistic inc. 
Tree species diversity TSD logistic inc. Epiphytic vascular plants EPV logistic inc. 
Indicator species – ancient ISA unimodal Regeneration – seedlings RSE linear inc. 
Indicator species – woodland ISW unimodal Regeneration – saplings RSA linear dec. 
Field layer bare ground FLB independent Regeneration – young trees RYT unimodal 
Field layer ferns FLF independent Deadwood – fallen DWF linear inc. 
Field layer graminoids FLG linear dec. Deadwood – size diversity DWD logistic inc. 
Field layer herbs FLH linear dec. Deadwood – standing DWS logistic inc. 
Field layer leaf litter FLL linear inc. Structure class diversity SCD unimodal 
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Protocol refinement 
Following validation, the next step in the development of the Protocol was to investigate possibilities for 
refining and improving it, based on: field experience, the quality of the data, and the time taken to collect it. 
The main approach used was a sensitivity analysis of the surveyed variables against the average time taken 
to assess and record them. In effect, providing a cost-benefit analysis for each variable, allowing the 
methodology to be refined by excluding or simplifying variables that were time consuming to record, or 
provided limited biodiversity information (see Subsection 5.1.5). 
WGS management 
Despite the apparently wide range of WGS planting and management options there are, in effect only four 
main ones: new planting, felling and replanting (or natural regeneration), coppicing, and thinning. Even then, 
this can be reduced to the basic operations of cutting down and planting trees. Therefore, it is quite 
possible to make a series of a priori predictions about the effect WGS management will have on the 
structure, composition and function of a wood (Table 3.7), as recorded by the Protocol (see Subsection 
6.1.3). 
Vertical structure will be severely affected by three of the four main options, whilst the fourth, thinning, 
may only cause a relatively minor decrease in understorey and canopy cover, although the latter could be 
compensated for by crown expansion of the remaining trees. The vertical structure associated with new 
planting will be typically dominated by moderate understorey cover and, depending on the age of the 
planting, possibly a little lower canopy cover. Areas of felling and replanting will be broadly similar to new 
planting although there may be some upper canopy cover if a few mature trees were retained. Coppice 
management produces a distinctive structure, with a sparse canopy (unaffected by coppicing) and little 
other structure until coppice re-growth forms a dense understorey. However, due to its patchy, cyclical 
nature, it is probable overall understorey cover will remain broadly static. Basal area will follow a similar 
pattern to vertical structure, with very low basal areas associated with new planting and replanting, and 
perhaps small reductions expected with thinning and coppicing, particularly when the latter is compared to 
unmanaged (stored) coppice. 
Changes to the composition of the woodland, aside from the removal of trees and their epiphytes, are 
primarily down to changes in the light regime and microclimate. Tree species diversity can be expected to 
fall with new planting, replanting and coppicing because the relascope under-represents saplings and young 
coppice re-growth; however, actual changes in diversity will depend on the species mix that is planted (or 
regenerates), and there will be no permanent change with coppicing. Thinning is more likely to change tree 
species diversity but that change could be positive or negative depending on the aim of the thinning. 
Epiphyte cover will be low with new planting and replanting due to the youth of the trees. Coppicing, if 
carried out regularly, should not affect epiphyte cover because this will be limited to the standards. 
Similarly, thinning should have little effect, as the relative abundance will not change. New planting will 
typically be associated with low levels of indicator species, whilst replanting, coppicing and, to a lesser 
extent, thinning could all be expected to increase the number of indicator species due to increased light 
levels and disturbance. The field layer will respond similarly to these light and microclimatic changes, 
showing increased herbs, graminoids, woody plants, and possibly ferns at the expense of litter and moss 
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and bare ground, although the disturbance of management may increase the latter where the increase in 
light is small (i.e. thinning). New planting, however, will tend to have a rather different, grass dominated, 
field layer community with some herbs but few other components. 
Woodland regeneration can be expected to show major change with management. Saplings will be highly 
abundant in newly planted and replanted areas, whilst replanted areas may also contain abundant seedlings. 
Conversely, these areas will contain few young trees initially, although they will eventually come to 
dominate. Coppicing is a very different form of woodland regeneration, and whilst seedlings will germinate 
in the gaps after cutting, they will struggle to become saplings or young trees. Thinning should increase the 
abundance of seedlings and saplings by creating gaps; however, the abundance of young trees is likely to 
decrease, especially in stem-exclusion stage stands, as it is these trees which are most likely to be thinned. 
Deadwood, both fallen and standing, will be very low in newly planted areas, whilst recently replanted, 
coppiced or thinned areas are likely to be similarly impoverished in standing deadwood unless specific 
steps are taken to retain it. Fallen deadwood, however, could be expected to increase in volume and size 
diversity with replanting, coppicing and thinning, especially if an effort is made to retain cut material. 
Considering structure classes, diversity can be expected to be high in rotationally managed coppice and 
low in uniform new planting, whilst thinning should have no effect. Felling and replanting is more complex 
but an overall decrease may be expected with increasing cutting, although limited felling may increase 
diversity,  
3.1 Protocol development 
86 
Table 3.7: Predicted relationships between broad WGS management operations and Protocol 
variables (+ positive, - negative and 0 independent relationships) 
Protocol variable Code New Planting Felling & 
replanting 
Coppicing Thinning 
Structure      
Tree basal area TBA - - - - 
Canopy cover – upper CCU - - 0 - 
Canopy cover – lower CCL - - 0 - 
Understorey cover – upper UCU + + 0 - 
Understorey cover – lower UCL + + 0 - 
Composition      
Tree species diversity TSD - - - 0 
Indicator species – ancient ISA - + + + 
Indicator species – woodland ISW - + + + 
Field layer bare ground FLB - - - + 
Field layer ferns FLF - + + + 
Field layer graminoids FLG + + + + 
Field layer herbs FLH + + + + 
Field layer leaf litter FLL - - - - 
Field layer mosses FLM - - - - 
Field layer woody species FLW - + + + 
Epiphytic lichens EPL - - 0 0 
Epiphytic mosses EPM - - 0 0 
Epiphytic vascular plants EPV - - 0 0 
Function      
Regeneration – seedlings RSE - + + + 
Regeneration – saplings RSA + + 0 + 
Regeneration – young trees RYT - - 0 - 
Deadwood – fallen DWF - + + + 
Deadwood – size diversity DWD - + + + 
Deadwood – standing DWS - - - - 
Structure class diversity SCD - - + 0 
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3.2 Index development 
3.2.1 Introduction 
Theory 
Condition monitoring methodologies always employ a predefined set of targets against which the condition 
of interest features is judged. With the proposed Protocol, however, it is not possible to assess woodland 
condition in this way because WGS woodlands do not have condition targets. Instead, a generic approach 
is required in which elements of woodland structure, composition and function, including subsidiary 
habitats, are valued according to their contribution to woodland biodiversity. Van Den Meerschaut and 
Vandekerhove (1998) developed a stand-scale Forest Biodiversity Index to value forest biodiversity in 
Belgium using data from the State Forest Inventory. Their index was calculated by means of a score based 
on elements of forest structure, composition and function (deadwood). The scores were derived from a 
review of woodland biodiversity literature and consultation with experts, using the ‘Delphi method’ 
(Dalkey & Helmer, 1962), with the aim of evenly balancing the weight given to different indicators, 
presuming their contribution to biodiversity is approximately equal. De Warnaffe and Devilez (2002) used 
a similar method of scoring biodiversity to investigate the difference between ‘conservation value’ and 
‘natural value’ of eight Belgian forests at both the compartment and whole forest scale. Scores were again 
derived from the literature, and an attempt was made to give equal weight to each element of biodiversity; 
however, this was done by using a uniform 0 to 5 point scale for each element, rather than varying the 
scores according to expert advice. Using these two studies as a guide, a biodiversity Index is proposed as a 
means of assessing the biodiversity value of WGS woodlands, using data collected by the Protocol. 
Approach 
The draft biodiversity Index must allocate scores based on the elements of biodiversity considered in the 
Protocol; namely woodland structure, composition, function, and subsidiary habitats. Each element was 
allocated a score ranging from 0 to 5, and equal weighting was given to structure, composition, function, 
and subsidiary habitats. Scores were allocated according to the state of the Protocol component; a score 
of 5 was allocated where its contribution to biodiversity is greatest, falling to 0 where there was no 
contribution. The range of states recorded for each surveyed element was determined and score 
boundaries defined such that their distribution was even. Desirable states for each element of biodiversity 
surveyed were determined from the literature (Section 2.2). The Index, as with the Forest Biodiversity 
Index of Van Den Meerschaut and Vandekerhove (1998), was designed to not be overly complex to 
calculate (cf. De Warnaffe and Devilez, 2002) so that it may be more easily understood and used by 
Woodland Officers. Similarly, some score boundaries required minor adjustment from a purely even 
distribution so as to be memorable and convenient to use. The alternative approach, of using the case 
study data to design the score boundaries such that they contained equal numbers of compartments, was 
discounted because it would have limited the general applicability of the Index beyond the case study. 
Furthermore, it would have reduced the variability, and hence diagnostic power, of the final Index score by 
effectively eliminating outliers, i.e. both the exceptionally high and exceptionally poor quality compartments. 
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Treatment of DAFOR data 
In order to properly allocate Index scores to the Protocol elements surveyed on the DAFOR scale, it was 
necessary to develop a theoretical base for determining which DAFOR combinations represent the most 
diverse states. Therefore, imagine a hypothetical sample point in which there are three components 
(species) to be measured, and the size of the sample point limits the maximum number of individuals to 
nine. For a component to be dominant it must have at least five individuals, whilst the maximum number of 
individuals permissible in the other categories is four for abundant, three for frequent, two for occasional 
and one for rare. The potential situations that could arise are presented in Table 3.8. 
Table 3.8: Diversity (Brillouin Index - HB) of a hypothetical three species (X, Y & Z) community 
measured on the DAFOR scale; situations are described as Dominant, Abundant, etc. according to 
the highest DAFOR category present 
Situation X Y Z HB Situation X Y Z HB 
Dominant 9 0 0 0.000 Abundant 4 2 2 0.755 
Dominant 8 1 0 0.244 Abundant 4 3 0 0.508 
Dominant 8 0 0 0.000 Abundant 4 2 1 0.665 
Dominant 7 2 0 0.398 Abundant 4 2 0 0.451 
Dominant 7 1 1 0.475 Abundant 4 1 1 0.567 
Dominant 7 1 0 0.260 Abundant 4 1 0 0.322 
Dominant 7 0 0 0.000 Abundant 4 0 0 0.000 
Dominant 6 3 0 0.492 Frequent 3 3 3 0.825 
Dominant 6 2 1 0.614 Frequent 3 3 2 0.791 
Dominant 6 2 0 0.417 Frequent 3 3 1 0.706 
Dominant 6 1 1 0.503 Frequent 3 2 2 0.764 
Dominant 6 1 0 0.278 Frequent 3 3 0 0.499 
Dominant 6 0 0 0.000 Frequent 3 2 1 0.682 
Dominant 5 4 0 0.537 Frequent 3 2 0 0.461 
Dominant 5 3 1 0.691 Frequent 3 1 1 0.599 
Dominant 5 2 2 0.736 Frequent 3 1 0 0.347 
Dominant 5 3 0 0.503 Frequent 3 0 0 0.000 
Dominant 5 2 1 0.640 Occasional 2 2 2 0.750 
Dominant 5 2 0 0.435 Occasional 2 2 1 0.680 
Dominant 5 1 1 0.534 Occasional 2 2 0 0.448 
Dominant 5 1 0 0.299 Occasional 2 1 1 0.621 
Dominant 5 0 0 0.000 Occasional 2 1 0 0.366 
Abundant 4 4 1 0.716 Occasional 2 0 0 0.000 
Abundant 4 3 2 0.793 Rare 1 1 1 0.597 
Abundant 4 4 0 0.531 Rare 1 1 0 0.347 
Abundant 4 3 1 0.704 Rare 1 0 0 0.000 
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By calculating the Brillouin index, which unlike the Shannon index takes account of absolute abundance, it is 
possible to determine, on average, which situations are most diverse, and hence the appropriate 
Biodiversity Index scores for each DAFOR category (Table 3.9). NB: the formula for the Brillouin index is: 
N
nN
HB i∑−= !ln!ln  
where N is the total number of species and ni is the number of individuals in the ith species. 
Table 3.9: Average diversity (HB) for each DAFOR ‘situation’ in the hypothetical three species 
community of Table 3.8; scored 1 – lowest diversity to 5 – highest diversity 
DAFOR situation Mean HB Score 
Dominant 0.366 2 
Abundant 0.547 4 
Frequent 0.567 5 
Occasional 0.478 3 
Rare 0.315 1 
3.2.2 Index components 
Structure 
In the Protocol, woodland structure comprises basal area and canopy/understorey cover. Basal area 
provides an indication of stand maturity and therefore its biodiversity value, albeit at a basic level (Ferris & 
Humphrey, 1999). Low basal area is associated with young and regenerating stands, of limited value to 
woodland biodiversity, whilst high basal area is commonly associated with mature coppice, conifer 
plantations and, to a lesser extent, stem-exclusion stage stands, none of which support particularly high 
levels of biodiversity. Old growth woodlands typically have basal areas in the range of 24 to 39 m2ha-1 
(Auten, 1941), which suggests medium levels of basal area support the greatest biodiversity. Therefore a 
unimodal distribution is proposed (Table 3.10). 
Table 3.10: Index scores for basal area (TBA) 
Basal area (m2ha-1) Index score 
0>8 0 
8>16 1 
16>24 2 
24>32 4 
32>40 5 
40> 3 
Canopy/understorey cover influences biodiversity in two ways: firstly by providing vertical complexity 
within the woodland habitat, in the form of different foliar layers; and secondly through the relative cover 
of vegetation in these layers, providing a range of different light and humidity regimes (MacArthur, 1964; 
Noss 1990). High levels of canopy cover and a dense understorey lead to an impoverished ground flora 
3.2 Index development 
90 
and limit biodiversity, whilst low levels of cover do not provide sufficient woodland habitat to support 
much woodland biodiversity. Medium levels of cover support the greatest biodiversity, as exemplified by 
the open yet continuous cover of old growth woodland. Therefore unimodal distributions are proposed 
(Table 3.11). 
Table 3.11: Index scores for canopy and understorey cover 
Cover (%) Canopy 
– upper (CCU) 
Canopy 
– lower (CCL) 
Understorey 
– upper (UCU) 
Understorey 
– lower (UCL) 
0>15 0 0 1 1 
15>30 1 1 3 3 
30>45 4 4 5 5 
45>60 5 5 4 4 
60>75 3 3 2 2 
75>90 2 2 0 0 
Composition 
In the Protocol, woodland composition comprises tree species diversity, the indicator species present, and 
the DAFOR composition of the field layer and epiphyte communities. Increasing tree species diversity and 
number of indicator species necessarily represents an increase in woodland biodiversity; therefore, larger 
values should score more highly. The initial boundaries for the Index scores have been derived from the 
case study data (Section 4) due to the difficulty of estimating maximum values (Table 3.12). 
Table 3.12: Index scores for tree species diversity (H; TSD) and the number of ancient (ISA) and 
woodland (ISW) indicator species 
Index score Tree species 
diversity (H) 
Indicator species 
– ancient 
Indicator species 
– woodland 
0 0.0>0.3 0 0-1 
1 0.3>0.6 1 2-3 
2 0.6>0.9 2 4-5 
3 0.9>1.2 3 6-7 
4 1.2>1.5 4 8-9 
5 1.5>1.7 5> 10> 
The composition of the field layer community makes a direct contribution to woodland biodiversity, as 
well as supporting a range of invertebrate communities and the birds and mammals that feed on them. The 
only exception to this is bare ground, which benefits biodiversity by providing sites for colonisation and 
regeneration by woodland plants and trees. The Index score for each DAFOR category will, therefore, be 
those determined in Table 3.9 for most of the field layer components. The only exception is bare ground, 
for which occasional patches are most desirable and large amounts distinctly undesirable for maximising 
biodiversity.  Litter could also be considered an exception, since it too represents an absence of plants; 
however, the leaf litter layer supports a diverse invertebrate and microbial community, which is essential to 
the decomposition and nutrient cycling functions of the wood. Similarly, abundant leaf litter is also a feature 
of most woods with a predominantly vernal flora, including many ancient woods. Therefore, litter is as 
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valuable to woodland biodiversity as any other field layer component. The proposed Index scores for each 
component of the field layer are shown in Table 3.13. 
Table 3.13:  Index scores for components of the field layer 
Field layer component Dominant Abundant Frequent Occasional Rare 
Bare ground (FLB) 1 2 4 5 3 
Ferns (FLF) 2 4 5 3 1 
Graminoids (FLG) 2 4 5 3 1 
Herbs (FLH) 2 4 5 3 1 
Leaf litter (FLL) 2 4 5 3 1 
Mosses (FLM) 2 4 5 3 1 
Woody species (FLW) 2 4 5 3 1 
Including separate scores for each field layer component in the Index will significantly overemphasise its 
contribution to woodland biodiversity; therefore, a single score based on the seven component scores will 
be used. This combined field layer score will have a theoretical maximum of 35 (7x5) and a minimum of 1, 
with the Index score allocated evenly across the range (Table 3.14). 
Table 3.14: Index scores for the combined field layer score (FLT) 
Field layer score  Index score 
1>8 1 
8>15 2 
15>22 3 
22>29 4 
29>35 5 
As with the field layer community, the epiphyte community makes an important contribution to woodland 
biodiversity, as well as being an indicator of older and potentially more diverse woodlands. The Index 
score for each epiphyte DAFOR category will be those determined in Table 3.9 (Table 3.15). Similarly, a 
combined score of the three components (maximum 15) must be used in the Index to avoid overstating 
the biodiversity contribution of the epiphyte community (Table 3.16). 
Table 3.15: Index scores for components of the epiphyte community 
Epiphyte component Dominant Abundant Frequent Occasional Rare 
Lichens (EPL) 2 4 5 3 1 
Mosses (EPM) 2 4 5 3 1 
Vascular plants (EPV) 2 4 5 3 1 
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Table 3.16: Index scores for the combined epiphyte community score (EPT) 
Epiphyte score  Index score 
0>1 0 
1>4 1 
4>7 2 
7>10 3 
10>13 4 
13>15 5 
Function 
In the Protocol, woodland function comprises woodland regeneration, deadwood and structure class 
diversity. Seedlings, saplings and young trees are of some direct benefit to a compartment’s biodiversity; 
however, they are most important for ensuring continuation of the woodland regeneration cycle. The 
Index score for each regeneration DAFOR category will be those determined in Table 3.9, with the 
exception of young trees (Table 3.17): a woodland dominated by young trees would be at an immature 
stage and of less biodiversity interest that an old-growth stand. Therefore, young trees are treated in the 
same way as bare ground with occasional individuals being most desirable. As with the field layer and 
epiphytes, a combined score (maximum 15) based on a total of the three component scores must be used 
to avoid over representing woodland regeneration in the Index (Table 3.18). 
Table 3.17: Index scores for woodland regeneration components 
Regeneration component Dominant Abundant Frequent Occasional Rare 
Seedlings (RSE) 2 4 5 3 1 
Saplings (RSA) 2 4 5 3 1 
Young trees (RYT) 1 2 4 5 3 
Table 3.18: Index scores for the combined regeneration score (RXT) 
Regeneration score  Index score 
0>1 0 
1>4 1 
4>7 2 
7>10 3 
10>13 4 
13>15 5 
Deadwood is of great value to woodland biodiversity, supporting a range of species and playing an 
important part in decomposition and nutrient cycles (Harmon et al, 1986). This value is not only 
dependent on the amount of deadwood present but also the diversity of types and sizes present (Kirby et 
al, 1998). Standing deadwood is measured in the same way as the basal area of live trees; however, the 
same scores cannot be used given the relative rarity of dead trees. Kirby et al (1998) stated that for 
woodland to have a ‘high level’ of deadwood, it should have at least 50 dead trees per hectare, some of 
which must be at least 40cm in diameter at breast height (dbh). This figure of 50 dead trees per hectare, 
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assuming they are all 40cm dbh, suggests that standing deadwood basal area in UK woodlands rarely 
exceeds 6 m2ha-1. Taking this as an upper limit for the Index, allows scores to be allocated as shown in 
Table 3.19. 
Table 3.19: Index scores for standing deadwood (DWS) 
Standing deadwood (m2ha-1)  Index score 
0>1 0 
1>2 1 
2>3 2 
3>4 3 
4>5 4 
5> 5 
Fallen deadwood is considered in terms of volume and diameter class diversity. Kirby et al (1998) 
categorised fallen deadwood volume as ‘low’ <20 m3ha-1, ‘medium’ 20<40 m3ha-1, and ‘high’ >40 m3ha-1.  
Using this as a guide, Index scores are allocated as shown in Table 3.20. 
Table 3.20: Index scores for the volume of fallen deadwood (DWF) 
Fallen deadwood (m3ha-1)  Index score 
0>1 0 
1>10 1 
10>20 2 
20>30 3 
30>40 4 
40> 5 
Kirby et al (1998) recognised 5 diameter classes of fallen deadwood: 5-10 cm, 11-20 cm, 21-30 cm, 31-40 
cm, and 41 cm+. Using that system, the Index score will therefore directly equate with the number of 
diameter classes present (Table 3.21). 
Table 3.21: Index scores for number of fallen deadwood diameter classes (DWD) 
Diameter classes of fallen deadwood  Index score 
0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
The structural beta-diversity of a woodland compartment has a significant effect on its function, particularly 
in providing a range of micro-habitats and light regimes, as well as a range of different successional stages. 
The theoretical maximum structure class diversity achievable in the Protocol is 10, for a compartment of 5 
ha or greater with each of the 10 sample points having a unique structure.  This is distinctly unlikely and, in 
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any case, the maximum would reduce to five for compartments less than 5 ha. Therefore a simple linear 
scale was used with one structure class scoring zero (no diversity) and each extra class scoring an 
additional point, up to a maximum of five points (Table 3.22). Although a small compartment (<5 ha) 
could not score the maximum, it is acceptable that larger (5> ha), potentially more diverse compartments 
should be able to. 
Table 3.22: Index scores for structure class diversity (SCD) 
Structure classes Index score 
1 0 
2 1 
3 2 
4 3 
5 4 
6> 5 
Subsidiary habitats 
In the Protocol, subsidiary habitats comprise rides, glades, watercourses, and ponds. All of these habitats 
make an important contribution to the woodland habitat with which they are associated as well as being 
valuable habitats in their own right, especially as they are often well buffered from intensive agriculture. 
Width, management zones and scalloping are the key features of rides, with wider rides with more zones 
and scalloped edges being of greater benefit to biodiversity. For glades, area and vegetation are key 
features, with larger glades that contain both grass and scrub being of greater benefit to biodiversity. 
Maintaining five as the maximum value dictates Index score allocations as shown in Tables 3.23 & 3.24. 
Basic narrow rides only score a single point, compared with two points for a small glade, because such 
rides are commonly footpaths/tracks of limited biodiversity value. 
Table 3.23: Index scores for rides – only the maximum is used (plus zones/scallops) 
Ride features Index score 
Narrow (<10 m) 1 
Wide (>10 m) 2 
Two zones +1 
Three zones +2 
Scallops +1 
Table 3.24: Index scores for glades – only the maximum is used (plus shrubs/trees) 
Glade features Index score 
Small (<0.5 ha) 2 
Medium (0.5>1 ha) 3 
Large (>1 ha) 4 
Shrubs/trees +1 
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The biodiversity value of woodland watercourses and ponds is primarily that of the aquatic habitat; 
however, a distinctive ‘wet woodland’ community may develop around a pond (Rodwell, 1991), emergent 
insects can be an important food source for many woodland animals, and some species such as the greater 
crested newt benefit specifically from a woodland-aquatic habitat complex (Latham & Oldham, 1996). 
Watercourse size probably has the greatest effect on its biodiversity value, whilst running water generally 
support communities that are more diverse. Similarly, larger ponds are of greater benefit to biodiversity, 
whilst other important features can be the presence of muddy shallows and islands (Williams et al, 1997). 
Maintaining five as the maximum value dictates Index score allocations as shown in Tables 3.25 & 3.26. 
Table 3.25: Index scores for watercourses – only the maximum is used (plus flowing) 
Watercourse features Index score 
Narrow (<2 m) 2 
Wide (>2 m) 4 
Flowing +1 
Table 3.26: Index scores for ponds – only the maximum is used (plus islands and shallows) 
Pond features Index score 
Small (<500 m2) 2 
Medium (>500 m2) 3 
Island +1 
Muddy shallows +1 
Habitats adjacent to a woodland compartment can have a significant impact on its biodiversity value. 
Isolated woodlands surrounded by intensively managed farmland represent the least desirable situation: 
their frequent small size and irregular shapes maximise edge effects and provide insufficient woodland 
habitat for many species, especially those with large ranges; being surrounded by a comparatively hostile 
environment limits migration and dispersal; whilst spray drift can harm plants and insects directly, as well as 
via eutrophication. At the other extreme, a stand that forms part of an ancient woodland complex can 
support a great diversity of plant and animal life, including those species with large home ranges, whilst 
buffering them from most external influences (e.g. Bialoweza Forest). Scores for adjacent habitats are 
therefore awarded according to the degree of naturalness and woodland development, with the presence 
of hedges scoring an extra point due to their buffering effect (Table 3.27). 
Table 3.27: Index scores for adjacent habitat – only the maximum is used (plus hedges) 
Adjacent habitat Index score 
Arable/improved grassland 0 
Unimproved grassland 1 
Scrub/heath 2 
Woodland 3 
Ancient woodland 4 
Hedge +1 
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When scoring subsidiary and adjacent habitats it is important that only the highest scoring example of each 
habitat is considered. For example, a compartment with both a wide and a narrow ride would only score 
two points (for the wide ride), not three. However, if the narrow ride was scalloped but the wide ride not, 
an extra point would still be awarded. Regarding adjacent habitats, compartments within the same 
continuous woodland block should not be considered unless a compartment is completely internal. This is 
necessary to prevent every compartment in a multi-compartment wood from automatically scoring three 
or four points. Where a subsidiary habitat forms the boundary between two compartments, it is 
acceptable to include it in the score for both compartments, as both may benefit equally. 
3.2.3 Draft Index 
Tables 3.28 & 3.29 present a summary of the Index score allocations for each Protocol variable. The 
overall Index score for a compartment is calculated by summing the individual scores for each variable at 
each sample point, excluding subsidiary habitats (recorded at compartment level), and then taking an 
average of the sample point totals; subsidiary habitat scores may then be added to the average. The Index 
is designed such that structure, composition, and function, as well as subsidiary habitats, may be 
considered independently if desired. 
The draft Index was applied to the data collected in the Kent case study (see Section 3.3), with the dual 
aims of validating and refining the Index as a novel methodology for interpreting the biodiversity effects of 
WGS management (Chapter 5), and assessing those effects and their consequent implications for Scheme 
value for money and effectiveness in Kent (Chapter 6). 
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Table 3.28: Index scores awarded to value ranges of the Protocol structure, composition and 
function variables 
 Code 5 4 3 2 1 0 
Structure        
Tree basal area TBA 32>40 24>32 40+ 16>24 8>16 0>8 
Canopy cover - upper CCU 45>60 30>45 60>75 75>90 15>30 0>15 
Canopy cover - lower CCL 45>60 30>45 60>75 75>90 15>30 0>15 
Understorey cover - upper UCU 30>45 45>60 15>30 60>75 0>15 75>90 
Understorey cover - lower UCL 30>45 45>60 15>30 60>75 0>15 75>90 
Composition        
Tree species diversity TSD 1.5>1.7 1.2>1.5 0.9>1.2 0.6>0.9 0.3>0.6 0.0>0.3 
Indicator species - ancient ISA 5> 4 3 2 1 0 
Indicator species - woodland ISW 10> 8>10 6>8 4>6 2>4 0>2 
Field layer FLT 29>35 22>29 15>22 8>15 1>8 ~ 
Field layer - bare ground FLB O F R A D ~ 
Field layer - ferns FLF F A O D R ~ 
Field layer - graminoids FLG F A O D R ~ 
Field layer - herbs FLH F A O D R ~ 
Field layer - leaf litter FLL F A O D R ~ 
Field layer - mosses FLM F A O D R ~ 
Field layer - woody plants FLW F A O D R ~ 
Epiphytes EPT 13>15 10>13 7>10 4>7 1>4 0 
Epiphytes - lichens EPL F A O D R ~ 
Epiphytes - mosses EPM F A O D R ~ 
Epiphytes - vascular plants EPV F A O D R ~ 
Function        
Regeneration RXT 13>15 10>13 7>10 4>7 1>4 0 
Regeneration - seedlings RSE F A O D R ~ 
Regeneration - saplings RSA F A O D R ~ 
Regeneration - young trees RYT O F R A D ~ 
Deadwood - fallen DWF 40> 30>40 20>30 10>20 1>10 0 
Deadwood - diversity DWD 5 4 3 2 1 0 
Deadwood - standing DWS 5> 4>5 3>4 2>3 1>2 0>1 
Structure class diversity SCD 6> 5 4 3 2 1 
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Table 3.29: Index scores for subsidiary habitats 
Habitat Code 4 3 2 1 0 +1 +2 
Rides SHR ~ ~ >10 m <10 m ~ 2 zones; 
scallops 
3 zones 
Glades SHG >1 ha 0.5>1 ha <0.5 ha ~ ~ Shrubs/ trees ~ 
Watercourses SHW >2 m ~ <2 m ~ ~ Flowing ~ 
Ponds SHP ~ >500 m2 <500 m2 ~ ~ 
Island; 
muddy 
shallows 
~ 
Adjacent 
habitats SHA 
Ancient 
woodland Woodland 
Scrub/ 
heath 
Unimproved 
grassland 
Arable/ 
improved 
grassland 
Hedge ~ 
3.2.4 Discussion 
Index validation 
As with the Protocol, verification of the Index relies on testing predictions about how the Index should 
perform with regard to compartments of differing characteristics (Table 3.30), using regression based 
techniques (see Subsection 5.2.2). In general, woodlands that are designated as Sites of Special Scientific 
Interest or National Nature Reserves should score more highly on the Index than non-designated 
woodlands, unless they have been designated for a very specific interest feature. Similarly, ancient semi-
natural woodlands could also be expected to score highly, whilst ancient replanted woodlands, recent 
woodlands and newly planted woodlands could be expected to score progressively less well. It can also be 
predicted that larger woodlands should score more highly on the Index due to the species-area effect. 
Table 3.30: Summary of expected responses of the Index scores to regression against stand 
characteristics 
Stand characteristic Expected response 
Age linear increase 
Size logistic increase 
SSSI/NNR linear increase 
Index refinement 
Following verification, a refinement process for the Index is required: each item in the draft Index has been 
scored on a scale from 0-5, with the scores allocated evenly and equal emphasis given to woodland 
structure, composition, function, and subsidiary habitats. In practice, it may be the case that this even 
weighting is inappropriate, with certain items being under or over emphasised. Therefore, a combination 
of factor and reliability analyses were used to examine the Index components’ relationships to the major 
axes of variation in the data (factor analysis), and examine the component scoring scales in greater detail 
(reliability analysis). This allowed the relative contribution of each Index component to be evaluated and 
improvements suggested (see Subsection 5.2.3). 
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WGS management 
Whilst analysis of the Protocol data investigates relationships between management and woodland 
structure, composition and function, the effect on biodiversity value cannot be explicitly considered. To do 
that, an analysis of Index scores against management operations is required, using regression based 
techniques (see Subsection 6.1.4); and as before, the effects of management may be predicted (Table 3.31). 
New planting can be expected to have low structural diversity, whilst moderate replanting or coppicing, 
and thinning may increase structural diversity. Compositional diversity will be low with new planting but 
could increase with moderate replanting or coppicing, and thinning. Similarly, functional diversity will be 
low with new planting and may increase slightly with replanting or thinning, and moderate coppicing. 
Subsidiary habitat diversity could be increased by appropriate felling, coppicing and thinning but this will 
probably be impossible to detect. New planting may have little subsidiary habitat diversity and adjacent 
habitats should be unaffected by management except where new planting has been carefully sited to 
maximise biodiversity benefits. 
Table 3.31: Summary of expected responses of the Index scores to regression against WGS 
management 
Index component New Planting Felling & replanting Coppicing Thinning 
Structure linear decrease unimodal increase unimodal increase linear increase 
Composition linear decrease unimodal increase unimodal increase linear increase 
Function linear decrease linear increase unimodal increase linear increase 
Subsidiary habitats linear decrease independent independent independent 
Data from the Protocol cannot be used to investigate the value for money provided by the WGS; however, 
the Index score, as a measure of the biodiversity value of a WGS wood, can be compared with the cost of 
works for each agreement, to determine the value for money offered by the Scheme. This may not be very 
informative for established woodlands, about which little is known pre-WGS, but a cost-benefit analysis of 
new planting should be more informative. Specifically, the largest grants (£/ha) are given for planting small 
(<10 ha), lightly stocked (~1100 trees/ha) woodlands on improved land for community use, none of 
which necessarily predispose the creation of a biodiverse woodland and indeed may hinder it. The cost-
benefit analysis allowed this potential problem to be investigated (see Section 6.2). 
Similarly, the Protocol data cannot test predictions about the effectiveness of WIG projects because each 
project is unique; however, using the Index scores to compare WIG and non-WIG compartments, it is 
possible to determine whether WIG projects result in a net gain or loss of biodiversity. WIG Project 1, 
provision of public access could potentially benefit biodiversity through an increase in open space (rides for 
access, glades for picnics) and regular gentle disturbance; however, excessive public use and poor scheme 
design could result in biodiversity losses due to excessive disturbance, vandalism and eutrophication (from 
dog faeces). WIG Project 2, under-managed woods, has the potential to benefit biodiversity by providing 
regular disturbance, increasing age-class diversity and even reintroducing traditional forms of management; 
however, it is possible that a commercially oriented management regime may harm biodiversity, whilst 
some woods may be best left as non-intervention. WIG Project 3, biodiversity, should benefit biodiversity 
because that is the aim of the project; however, works aimed at conserving a specific species could have 
negative consequences for other species. 
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3.3 Case study 
3.3.1 Kent: a case study area 
The ideal approach to testing the draft Protocol and Index, as well as assessing the effects of WGS 
management on biodiversity would be to conduct a national survey of WGS woodlands. However, within 
the confines of this research project (single researcher, limited time and resources) it was impractical: too 
much time would have been spent travelling to survey sites and only a small and potentially 
unrepresentative sample of agreements would have been surveyed. Concentrating the survey in a smaller, 
defined area minimises travelling time and increases the relative proportion of agreements that may be 
surveyed. Similarly, using a smaller, defined area allows the novel Protocol to be more easily developed 
because the range of woodland diversity that must be incorporated is limited, and more detailed 
knowledge of the area allows problems to be more readily identified and overcome; of course, too small 
an area would limit the general applicability of the Protocol and its results. Within Britain, the county 
provides an ideal administrative unit within which to work. Local nature conservation policy is typically 
organised at the county-level; for example, all counties have Local Biodiversity Action Plans (LBAP), and 
some operate countywide wildlife habitat surveys. National organisations also frequently operate at the 
county level; for example, Defra, the Forestry Commission and English Nature (now Natural England) all 
have local offices responsible for one or two counties. Similarly, species distribution data is typically 
recorded and organised on a county basis. It was therefore decided to select one county as a study area 
for this research project. 
Kent was chosen as the case study area for a number of reasons, chief of which were geographical 
convenience and the ability to use the established network of contacts at the Wye Campus of Imperial 
College London. Kent is a reasonably well-wooded county, with approximately 12% woodland, compared 
with a national average for England of 8% (Forestry Commission, 2000b); a LBAP has been published (Kent 
Biodiversity Action Plan Steering Group, 1997) and two wildlife habitat surveys conducted (Kent Wildlife 
Habitat Survey, 1995; Kent Habitat Survey Partnership, 2003). There are seven English Nature Natural 
Areas in Kent, ranging from marsh to downland, providing a reasonable range of habitats and landscapes 
(English Nature, 1999), and three common NVC woodland types (W8, W10 & W12), making 
methodological development easier (Rodwell, 1991). The proximity of the Forestry Commission Local 
Office at Goudhurst was very important during the development stages of the project and during site 
selection for the field survey. 
In order to provide a context for the proposed research an evaluation was conducted of the current 
woodland resource and status of the WGS in Kent. This comprised a spatial analysis of five datasets using 
ArcView (ESRI, 2000) with the Patch Analyst extension (Rempel, 2000). The datasets were: WGS Mark 3 
agreement data (approved 01/1995 to 04/2001) provided by the Forestry Commission (pers. com. July 
2001); Digital Woodland Map for England (Forestry Commission, 2000b); Ancient Woodland Inventory 
for England (English Nature, 2003); Natural Areas of England (English Nature, 1996); and woodland data 
from the Kent Wildlife Habitat Survey (1995). 
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3.3.2 Woodland in Kent 
Woodland in Kent, including areas of dense scrub but excluding orchards, covers 44,520 ha or about 12% 
of the county, making it one of the most wooded counties in Britain (Kent Wildlife Habitat Survey, 1995). 
Ancient semi-natural woodland makes up 21,250 ha, or about 48% of that woodland, with ancient 
replanted woodland accounting for a further 8,750 ha or 20%; this represents about 10% of England’s 
ancient woodland resource (Spencer & Kirby, 1992). Kent is divided into seven Natural Areas; two of 
these, the Greater Thames Estuary and Romney Marshes are sparsely wooded at 5% and 1% respectively; 
the North Downs, Wealden Greensand, and Low Weald and Pevensey are rather better wooded at 16%, 
14% and 11% respectively; whilst the High Weald and North Kent Plain are well wooded with 21% and 
33% respectively. Ancient woodland makes up 50-70% of the woodland resource in each Natural Area, 
except for the Greater Thames Estuary where it is virtually absent; the North Kent Plain contains the 
highest proportion of ancient woodland, covering nearly a quarter (23%) of the Natural Area. Typically, 
this woodland resource is highly fragmented with approximately 50% of woodlands being less than 2 ha 
and more than 100 m from the nearest large woodland (>2 ha). Only 1% of woodlands are larger than 50 
ha, although these do represent 47% of Kent’s woodland area, and are typically aggregated into complexes 
that may exceed 100 ha. These large woodland complexes are mostly National Nature Reserves 
(Hamstreet, Blean, and High Halstow) or Forestry Commission woods (King’s Wood, Bedgebury National 
Pinetum, and Orlestone Forest) that are predominantly ancient and support a number of threatened 
species (Waite, 2000). Kent is therefore a well-wooded county with several extensive and important 
woodland complexes and a large number of small, isolated woodland fragments. 
The three major NVC woodland communities in Kent are: W8 Fraxinus excelsior – Acer campestre – 
Mercurialis perennins woodland, W10 Quercus robur – Pteridium aquilinum – Rubus fruticosus woodland, and 
W12 Fagus sylvatica – Mercurialis perennis woodland. W8 woodlands are an exceptionally diverse group 
with significant variation in the floristics of the field layer and the structure and composition of the canopy 
and underwood. In Kent, these woodlands have typically been worked as coppice with standards, resulting 
in frequent occurrence of standard oaks in the canopy and an unnatural abundance, if not frequency, of 
hazel or hornbeam as coppice. The field layer typically contains dogs’ mercury and bluebells, whilst an 
underscrub of bramble, ivy and honeysuckle can be common. W8 woodland is typical of calcareous, 
moderately base-rich mull soils in the relatively warm and dry lowlands of southern Britain. W10 woodland 
is less diverse than W8, especially in the flora of the field layer; and in Kent, sweet chestnut rather than 
hazel coppice is common beneath the oak canopy. The vernal flora is dominated by bluebells or wood 
anemone on wetter sites, with a relatively species poor summer flora dominated by bracken, bramble and 
honeysuckle, forming a ferny underscrub. W10 woodland is characteristic of base-poor brown soils 
throughout the lowlands of southern Britain, and is generally absent from calcareous areas. W12 
woodland develops on free-draining, base-rich calcareous soils in the southeast lowlands of Britain where 
beech achieves dominance in the canopy. The shrub layer is typically poorly developed, especially in 
mature stands, and the field layer is similar to that of W8 woodland, although species of more base-rich, 
drier soils tend to be more common; and in some cases, ivy can dominate the field layer (Rodwell, 1991). 
The woodlands surveyed as part of the case study (see Subsection 3.3.6) fitted with this general pattern, 
with W10 being the most common type found, followed by W8 and W12. Other types that were 
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encountered less frequently included: W6 Alnus glutinosa – Urtica dioica woodland, W15 Fagus sylvatica – 
Deschampsia flexuosa woodland, W16 Quercus spp. – Betula spp. – Deschamppsia flexuosa woodland, and 
W21 Crataegus monogyna – Hedera helix scrub (Table 3.32). The dominance of W10 in the sample is 
somewhat overstated by the simplified key (Hall, Kirby & Whitbread, 2001) and quick, compartment-level 
overview used: for example, many compartments that contained areas of W10 and W15 or W16 were 
classified as W10 because that type was dominant. 
Table 3.32: Number of compartments of each woodland National Vegetation Classification (NVC) 
type found in the case study woodlands; a type could not be allocated (N/A) to 28 newly planted 
and two other compartments 
NVC Compartments NVC Compartments 
W6 4 W15 7 
W8 20 W16 4 
W10 94 W21 8 
W12 9 N/A 32 
3.3.3 Woodland Grant Scheme in Kent 
At the start of this research project, there were 521 WGS Mark 3 agreements in force on 462 separate 
holdings in Kent (WGS Mark 3 data). These agreements included management prescriptions for 
approximately 12,000 ha of woodland, 27% of all woodland in Kent, and provided for the creation of 520 
ha of new woodland in 383 separate blocks. Average agreement size was 26 ha but the majority were 
quite small, with 56% less than 10 ha and 28% less than 2 ha in size; only 14% of agreements were greater 
than 50 ha, although they did account for 68% of the total WGS area. With regard to the woodland 
resource of Kent, 62% of woodlands greater than 50 ha were managed under the scheme; however, only 
1% of woodlands less than 2 ha were similarly managed. Ancient woodland fared well with 7,490ha, 25% of 
Kent’s total resource, being managed under the Scheme, representing about 60% of all WGS activity in 
Kent. The majority (57%) of Scheme applicants were personal occupiers of the holding but they tended to 
enter smaller areas into agreement (average 19 ha) than other applicant types (average 37 ha) (Table 3.33). 
Woodland dominated holdings were the most common (33%) and they accounted for 50% of the 
agreement area; farms were the next most common (22%) but only accounted for 7% of the agreement 
area (Table 3.34). 
Table 3.33: WGS Mark 3 applicant types 
Applicant type Number of agreements 
Total agreement 
area (ha) 
Mean agreement 
area (ha) 
Personal occupier 297 5529 19 
Business occupier 98 3587 37 
Voluntary organisation 76 2766 36 
Public ownership 48 1798 37 
Other 2 74 37 
 
3.3 Case study 
103 
Table 3.34: WGS Mark 3 holding types 
Holding type Number of agreements 
Total agreement 
area (ha) 
Mean agreement 
area (ha) 
Mainly woodland 169 6815 40 
Farm 117 952 8 
Mixed estate 74 2926 40 
Recreation 72 2072 29 
Private residence 70 305 4 
Public building 19 684 36 
WGS activities are summarised in Figure 3.3. The Annual Management Grant is the most common WGS 
activity, accounting for 59% of the agreement area, and can be found in 53% of agreements. Coppicing only 
accounts for 9% (1415 ha) of the agreement area but it does represent cutting of 26% of the coppice 
woodland (5474 ha) in Kent (over an effective 5-year rolling time-scale, based on Digital Woodland Map 
for England data), and it forms a part of 51% of agreements. Other activities all cover equally small areas 
but are nevertheless present in a significant proportion of the agreements: Restocking 42%; Thinning 40%; 
New Planting 38%; Woodland Improvement Grant 30%; and Felling 29%. 
 
Figure 3.3: Proportion (%) of total WGS Mark 3 area covered by each management activity 
In summary, the WGS seems to be very important for woodland management in Kent, particularly with 
regard to ancient and coppice woodlands. However, it does appear rather biased towards large woods, 
managing most of the large woodlands (>50 ha) in Kent that are not owned by the Forestry Commission, 
at the expense of small, isolated woodlands. The limited number of farms under WGS agreement, and 
small farm agreement sizes, suggests that the Scheme is failing to target small farm woodlands, which can 
often be under-managed. 
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3.3.4 Sampling strategy 
The novel WGS monitoring and evaluation Protocol and biodiversity Index were, therefore, tested in a 
case study in Kent. The aims of this were twofold: firstly, to facilitate the validation and refinement of the 
Protocol and Index; and secondly, to provide an opportunity to evaluate the efficacy of the WGS as a 
mechanism for biodiversity conservation. The first step was to devise a sampling strategy for the selection 
of WGS sites to be surveyed; however, this represented a significant problem. The draft Protocol would 
be most effective at detecting changes in biodiversity if sites were surveyed prior to WGS operations 
commencing, to provide baseline data, and resurveyed at least a year later, to allow species time to 
respond. Indeed, further resurvey at the end of the 5-year contract, or later, would provide more valuable 
information. However, within the confines of this research project, such resurveying was not possible; 
therefore, an alternative method of determining biodiversity change due to WGS management had to be 
used. 
The two possible alternatives for a single-survey approach that were considered are: firstly, using 
unmanaged control woods, paired with the WGS woods; and secondly, simply surveying a large sample of 
WGS woods and applying multivariate analysis techniques. Both of these alternatives had advantages and 
disadvantages. Using paired control woods is the more rigorous approach; however, control woods can 
never be identical to WGS woods due to differences in history and local environment. Indeed, even 
locating appropriate control woods could be exceptionally difficult given the limited availability of 
information; at best, soil type, area, slope, aspect, NVC type, and ancientness could be used to pair woods. 
Even if suitable control woods could be found, there is a second problem of getting permission to survey 
them, assuming the owner can even be traced. Using multivariate techniques to analyse a large sample of 
WGS woods is a less rigorous approach; however, it does allow a much larger sample of WGS woods to 
be surveyed, and any significant explanation of variation in woodland biodiversity by WGS management 
will indicate a significant effect of the WGS not just at the local but also at the landscape scale. The major 
disadvantage of this approach is that the effect of the WGS on woodland biodiversity must be inferred 
rather than observed directly. Despite this, however, the multivariate analysis-based method was 
considered the most workable solution and was used in the case study. 
Without control woodlands, there was no obvious need to stratify the sampling process; therefore, survey 
sites were chosen completely randomly by selecting a number of WGS agreements from the list of 521 
WGS Mark 3 agreements provided by the Forestry Commission. These agreements were located on 462 
separate holdings, and all were contracted between January 1995 and April 2001. The aim was to sample 
approximately 10% of those agreements; therefore, 55 agreements were randomly selected, to allow for 
some agreement holders refusing permission to survey. The actual selection was made by generating 
random numbers in the range of valid WGS contract numbers with a Visual Basic script in Microsoft Excel. 
Copies of the contracts for 53 of the selected WGS agreements were kindly supplied by the Forestry 
Commission office at Goudhurst: two could not be located. Permission to survey was refused for a further 
two agreements and one agreement holder could not be contacted. Therefore, a total of 50 agreements 
were finally selected for survey. Figure 3.4 shows the location of these agreements, overlain on a map of 
Kent’s woodland with WGS Mark 3 agreements highlighted in red. 
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Figure 3.4: Location of selected WGS agreements 
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3.3.5 Selected agreements 
The contract for each of the 50 selected agreements was examined to determine the aim, nature, timing 
and cost of WGS works for each compartment. In addition, information was recorded on certain 
characteristics of each compartment, including its size, ancientness, designation as a SSSI or NNR and the 
provision of public access. The WGS agreement aims were broadly in line with those found by previous 
studies and could be categorised as: commercial forestry, wildlife conservation, public or private amenity, 
and landscape enhancement. Wildlife conservation was the most commonly stated aim, whilst commercial 
forestry was typically a minor concern; surprisingly, six agreements had no explicitly stated aims (Figure 
3.5). 
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Figure 3.5: Aims of the 50 selected WGS agreements 
The WGS activities, and the frequency with which they occurred in the surveyed compartments, are 
shown in Figure 3.6; annual management grants were the most popular activity. The majority of the work 
was carried out between 1997 and 2001, with nearly all of it complete prior to the field survey (Figure 3.7). 
Some work was carried out in 1993 and 1994 under WGS Mark II agreements that were later substantially 
amended to the Mark III standard.  
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Figure 3.6: Compartment-level frequency of WGS activities in 50 selected agreements; the activities 
include annual management grant (AM), Woodland Improvement Grants (WO), coppicing (FC), 
natural regeneration (RN), replanting (RP), felling (F), selective felling (SF), thinning (T), and new 
planting (NP) 
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Figure 3.7: Number of compartments in 50 selected agreements worked per year  
The total grant for working each compartment was calculated, and is shown in Figure 3.8. Most 
compartments received less than £200 in grant-aid, highlighting the dominance of the annual management 
grant (£35 ha-1 year-1) and the small size (<2 ha) of most compartments, as demonstrated in the summary 
of compartment size (Figure 3.9). 
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Figure 3.8: Histogram of WGS costs by compartment for the 50 selected agreements 
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Figure 3.9: Histogram of compartment size for the 50 selected agreements 
With regard to the other compartment characteristics: 75 were classed as ancient semi-natural woodland; 
16 as ancient replanted woodland; 85 were recent, of which 28 were newly planted; 54 were SSSI, 
including 21 compartments in National Nature Reserves; and 71 compartments had public access either 
through existing public rights of way or the Walkers Welcome scheme. 
Full details, including outline maps of the agreements, may be found in the Appendix. 
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3.3.6 Field survey 
The case study field survey was conducted during the summer of 2002, over a three-month period 
between the beginning of July and the end of September. Whilst this meant the vernal flora could not be 
surveyed, it did mean that the trees and non-vernal flora were much easier to identify, whilst vertical 
structure could be estimated more accurately. The 50 selected agreements comprised 229 separate 
compartments; however, due to time constraints, only 178 of them were surveyed, amounting to some 
727 individual sample points. The remaining 51 compartments were chosen not to be surveyed because 
no work was scheduled during the current WGS agreement. All the pre-planned survey routes were 
adhered to as closely as possible, although dense undergrowth did sometimes require deviations from the 
planned route. Likewise, sample points were positioned as accurately as possible within each compartment, 
given prevailing undergrowth conditions, and they were nearly all at least 30 m from the edge of the 
compartment, to accommodate the relascope sweep. 
Each sample point was surveyed according to the method described in Section 3.1.3, with the data 
recorded on a handheld computer, apart from the location of subsidiary habitats, which were marked on a 
copy of the agreement map (used to plan the route). Total survey time for each compartment was not 
recorded, as the length of time taken to get from one sample point to another was very variable. However, 
after the first few compartments were surveyed, to ensure familiarity with the survey method, the time 
required to survey each sample point was estimated. This was done by recording, to the nearest half 
minute, the time required to survey 50 sample points in 10 randomly selected compartments. The average 
time taken to record each element of the survey is shown in Table 3.35. Surveying was generally 
unproblematic but considerable time was required to identify field layer species given the surveyor’s 
limited familiarity with the indicator species. This did improve, however, as surveying progressed. 
Table 3.35: Mean time required to survey each element of the Protocol at a single sample point 
Survey item Mean time (minutes) Protocol Variables recorded 
Vertical structure 0.8 CCU, CCL, UCU, UCL, SCD 
Relascope sweep 1.2 TBA, TSD, DWS 
Indicator species 4.7 ISA, ISW 
Field layer 1 FLB, FLF, FLG, FLH, FLL, FLM, FLW 
Epiphytes 0.5 EPL, EPM, EPV 
Regeneration 0.6 RSE, RSA, RYT 
Fallen deadwood 1.3 DWF, DWD 
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4 Results 
Chapter 3 developed and presented a draft Protocol and diversity Index for the monitoring and evaluation 
of WGS woodlands. A case study in Kent was then planned to trial the Protocol and Index, and to facilitate 
their development. Chapter 4 presents a summary of the results of that case study, with some preliminary 
interpretation to inform the development process in Chapter 5. A complete set of results can be found in 
the Appendix. 
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4.1 Protocol data 
4.1.1 Introduction 
Data collected during the case study field survey was recorded in a Pilot-DB1 database on a Palm computer. 
These files were imported into Microsoft Excel (Microsoft, 2000) where they were prepared for analysis. 
Since WGS management data is only available for compartments as a whole, an average of the sample 
point data was taken for each compartment to be used in the analysis: for scale variables the mean was 
used, whilst the median was used for ordinal variables. Sections 4.1.2 to 4.1.5 describe the data handling 
that was required for each variable, as well as providing some summary statistics and boxplots to 
demonstrate the nature, range and variability of each variable. Preliminary interpretation is also presented 
and the implications for further development of the Protocol discussed. The complete data set may be 
found in the Appendix. 
The following summary statistics for the compartment level Protocol data (and Index, see Section 4.2) 
were calculated in SPSS (SPSS, 2005): minimum value (min.), maximum value (max.), mean value (with 
standard error – s.e.), standard deviation (std. dev.), skewness and kurtosis. The first four of these are 
straightforward but skewness and kurtosis are less commonly encountered and warrant further 
explanation. Skewness is the asymmetry of a probability distribution compared to the normal distribution 
(skewness = 0): negative values indicate a long left-hand tail and positive values indicate a long right-hand 
tail, i.e. the bulk of the distribution is at the right- and left-hand ends of the scale, respectively. Kurtosis 
derives from the size of a probability distribution’s tails. The normal distribution is mesokurtic (kurtosis = 0) 
with leptokurtic distributions having large tails and narrow peaks (kurtosis > 0) and platykurtic distributions 
having small tails and wide peaks (kurtosis < 0). Standard error for both of these is dependent on the 
number of samples, so for the entire dataset it is 0.18 for skewness and 0.36 for kurtosis. 
The boxplots represent a graphical ‘five-number summary’ of the Protocol (and Index) data (Tukey, 1977). 
The central line is the median, with the lines above and below representing the upper and lower quartiles, 
respectively. The ‘whiskers’ represent the non-outlier maximum and minimum values; any value more than 
1.5 times the interquartile range is marked as an outlier (O), and any more than 3.5 times the interquartile 
range an extreme outlier (*). Importantly, the boxplots allow the skewness (symmetry of box and/or 
whiskers) and kurtosis (box vs. whisker length) of the variables to be easily visualised. 
4.1.2 Woodland structure 
Woodland structure was assessed by two survey items: tree basal area and canopy/understorey cover. 
The raw basal area data consisted of the number of trees of each species at each sample point that were 
wider at breast height than the relascope viewfinder. Summing the number of trees at each sample point 
and multiplying by 2, the counting factor of the relascope, produced an estimate of tree basal area (m2ha-1). 
The mean of the sample point estimates was then taken to give the basal area for the compartment (Table 
4.1; Figure 4.1). The range of basal areas found is within that expected for English woodland; notably the 
distribution is unskewed and platykurtic, showing most compartments fall within the 15-40 m2ha-1 range. 
The relascope sweep therefore recorded data as expected. 
                                                          
1 See http://pilot-db.sourceforge.net/ 
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Table 4.1: Summary statistics for tree basal area (TBA) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
TBA 0 60.4 27.55 (1.27) 16.92 -0.16 -1.05 
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Figure 4.1: Boxplot of tree basal area (TBA; m2ha-1) 
Canopy and understorey cover data comprised visually estimated percentage cover for the upper and 
lower layers at each sample point: lower understorey, upper understorey, lower canopy and upper canopy. 
The sample point data was then averaged to give % cover values for the compartment (Table 4.2; Figure 
4.2). Virtually the entire range of cover was found, however it was predominantly in the range 10-50% 
suggesting more open stands dominated the sample, i.e. few dense plantations or areas of regeneration. 
The platykurtic and unskewed distribution of canopy cover supports this, although it is notable that the 
upper understorey is mesokurtic, i.e. the values are more widely spread. The lower understorey is highly 
skewed towards lower values, where they are concentrated in a narrow range (leptokurtic), indicating few 
compartments have a dense lower understorey. 
Table 4.2: Summary statistics for canopy cover (upper – CCU, lower – CCL) and understorey cover 
(upper – UCU, lower – UCL) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
CCU 0 70 24.50 (1.52) 20.30 0.28 -1.18 
CCL 0 80 31.98 (1.58) 21.04 -0.16 -0.89 
UCU 0 90 31.13 (1.43) 19.02 0.15 -0.13 
UCL 10 80 23.42 (0.92) 12.26 1.16 1.90 
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Figure 4.2: Boxplot of percentage upper (CCU) and lower (CCL) canopy cover and upper (UCU) 
and lower (UCL) understorey cover  
4.1.3 Woodland composition 
Woodland composition was assessed by four survey items: indicator species, tree species diversity, field 
layer composition and epiphyte community composition. The indicator species data consisted of binary 
presence-absence data for each Ancient Woodland Vascular Plant (AWVP) or woodland NVC species at 
each sample point. Presence of a species at any sample point in a compartment was sufficient for its 
inclusion in a list of indicator species for that compartment. AWVP and woodland NVC indicator species 
totals were then calculated for each compartment (Table 4.3; Figure 4.3). Of the 90 ancient woodland 
indicators only 24 species were actually recorded in the survey, and only 13 of those were present in more 
than one compartment; whereas some 38 out of 85 woodland indicators were found in the survey and 31 
of those were present in more than one compartment. Both suggest that the initial indicator species lists 
could be reduced. As expected, woodland NVC species were more common than AWVPs but it is 
notable that AWVPs were less leptokurtic, suggesting compartments rich in AWVPs are rarer than those 
rich in woodland NVC species. 
Table 4.3: Summary statistics for AWVP (ISA) and woodland NVC (ISW) indicator species 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
ISA 0 5 1.19 (0.09) 1.16 0.92 0.55 
ISW 0 15 4.75 (0.20) 2.72 0.85 1.30 
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Figure 4.3: Boxplot of number of AWVP (ISA) and woodland NVC (ISW) indicator species 
Tree species diversity is derived from the number of trees of each species recorded in the relascope 
sweep at each sample point, and is therefore not necessarily a complete list of all tree species present. 
From this data, the Shannon diversity index (H) was calculated at each sample point, and an average taken 
to give compartment diversity (Table 4.4; Figure 4.4). The diversity calculation was made at the sample 
point level, rather than at the compartment level on averaged tree data, to avoid potential problems with 
relascope sweeps overlapping. Naturally, there is some overlap between tree species diversity and the 
indicator species: for example, large specimens of hawthorn, a woodland NVC indicator, could be counted 
as a tree in a relascope sweep. It was for this reason that tree species were removed from the indicator 
species lists; however, the remaining overlap is acceptable because the two datasets represent different 
elements of biodiversity. In total, some 35 species of tree were recorded in the survey, although this does 
include large specimens of some shrubs, such as hawthorn and holly. Examining the distribution of diversity 
values shows it to be fairly unskewed but somewhat platykurtic, suggesting many compartments are similar 
in terms of their tree species diversity. 
Table 4.4: Summary statistics for tree species diversity (TSD; H) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
TSD 0 1.67 0.75 (0.03) 0.42 -0.30 -0.49 
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Figure 4.4: Boxplot of tree species diversity (TSD; H) 
Field layer composition comprises visually estimated cover-abundance of herbs, graminoids, woody plants, 
ferns, mosses, litter, and bare ground. Cover-abundance was estimated on the DAFOR scale for each 
sample point, so to analyse the data the following numerical conversion was applied: Dominant = 5, 
Abundant = 4. Frequent = 3, Occasional = 2, Rare = 1, and absent = 0. Once converted, a median cover-
abundance value was calculated for each field layer component in the compartment (Table 4.5; Figure 4.5). 
The entire range of DAFOR values was found for all components of the field layer, although the 
distribution was quite skewed towards the absent or rare end of the scale for most of them; only leaf litter 
was skewed towards the dominant end with woody plants mostly unskewed, indicating their widespread 
importance in the sample. Most of the components are platykurtic, indicating they most commonly occur 
at the frequencies within their interquartile ranges; however, bare ground is mesokurtic and ferns strongly 
leptokurtic, indicating they occur less predictably, i.e. herbs are mostly rare to frequent but rarely 
abundant or dominant, whilst bare ground can generally be anywhere from absent to abundant. 
Table 4.5: Summary statistics for field layer composition (bare ground – FLB, ferns – FLF, grasses – 
FLG, herbs – FLH, leaf litter – FLL, mosses – FLM, woody species – FLW; DAFOR) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
FLB 0 5 1.10 (0.10) 1.38 1.00 0.02 
FLF 0 5 0.58 (0.08) 1.01 1.87 3.23 
FLG 0 5 1.41 (0.15) 2.05 0.97 -0.87 
FLH 0 5 1.68 (0.12) 1.55 0.34 -1.12 
FLL 0 5 3.36 (0.14) 1.92 -0.80 -0.92 
FLM 0 5 1.23 (0.09) 1.15 0.38 -0.74 
FLW 0 5 2.35 (0.12) 1.58 -0.18 -1.06 
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Figure 4.5: Boxplot of field layer composition (bare ground – FLB, ferns – FLF, grasses – FLG, herbs 
– FLH, leaf litter – FLL, mosses – FLM, woody species – FLW; DAFOR) 
Epiphyte composition data comprised visually estimated cover-abundance of vascular plants, mosses and 
lichens living epiphytically on tree trunks and branches. Cover-abundance was estimated on the DAFOR 
scale for each sample point, so to analyse the data the following numerical conversion was applied: 
Dominant = 5, Abundant = 4. Frequent = 3, Occasional = 2, Rare = 1, and absent = 0. Once converted, a 
median cover-abundance value was calculated for each epiphyte component in the compartment (Table 
4.6; Figure 4.6). Lichens and vascular plants are heavily skewed towards being absent or rare, although 
their leptokurtic distributions indicate they can sporadically be more abundant. Mosses are almost the 
reverse, with a far less skewed and platykurtic distribution, indicating they are generally absent to 
occasional but rarely more abundant. 
Table 4.6: Summary statistics for epiphyte composition (lichens – EPL, mosses – EPM, vascular 
plants – EPV; DAFOR) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
EPL 0 3 0.48 (0.06) 0.75 1.40 0.91 
EPM 0 3 1.13 (0.09) 1.18 0.39 -1.43 
EPV 0 5 0.62 (0.08) 1.09 1.77 2.41 
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Figure 4.6: Boxplot of epiphyte composition (lichens – EPL, mosses – EPM, vascular plants – EPV; 
DAFOR) 
4.1.4 Woodland function 
Woodland function was assessed by four survey items: regeneration, fallen deadwood, standing deadwood 
and structure class. Regeneration data comprised visually estimated cover-abundance of seedlings, saplings, 
and young trees. Cover-abundance was estimated on the DAFOR scale for each sample point, so to 
analyse the data the following numerical conversion was applied: Dominant = 5, Abundant = 4. Frequent 
= 3, Occasional = 2, Rare = 1, and absent = 0. Once converted, a median cover-abundance value was 
calculated for each regeneration component in the compartment (Table 4.7; Figure 4.7). Saplings and 
young trees are mostly absent to occasional (frequent for young trees) with unskewed platykurtic 
distributions, meaning they are rarely more abundant. Interestingly, seedlings have a limited range that is 
heavily skewed to being rare or absent but may often be occasional (leptokurtic distribution) with some 
outliers, suggesting recruitment in the sample is patchy. 
Table 4.7: Summary statistics for regeneration (seedlings – RSE, saplings – RSA, young trees – RYT; 
DAFOR) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
RSE 0 4 0.57 (0.07) 0.95 1.55 1.33 
RSA 0 5 1.47 (0.09) 1.22 0.32 -0.79 
RYT 0 4 1.46 (0.10) 1.29 0.26 -1.22 
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Figure 4.7: Boxplot of regeneration (seedlings – RSE, saplings – RSA, young trees – RYT; DAFOR) 
The length and diameter of individual items of fallen deadwood at a sample point, greater than 5 cm in 
diameter, was recorded and the volume calculated using the formula πr2h (r = ½ diameter, h = length). A 
number of stacks of cut deadwood were encountered; however, these were not recorded because it was 
likely they would be removed from the compartment. The area of a sample point is 78.5m2, so by summing 
the volume of each item, the total volume of fallen deadwood could be expressed in m3ha-1, and an average 
calculated for the compartment (Table 4.8; Figure 4.8). In addition to calculating its volume, each item of 
fallen deadwood was assigned to one of 5 diameter classes: class 1, 5-9cm; class 2, 10-19cm; class 3, 20-
29cm; class 4, 30-39cm; and class 5, 40cm plus. The number of diameter classes present in each 
compartment was then calculated (Table 4.9; Figure 4.9). 
Table 4.8: Summary statistics for fallen deadwood (DWF; m3ha-1) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
DWF 0 11.82 1.37 (0.14) 1.90 2.25 7.09 
Table 4.9: Summary statistics for deadwood diameter class diversity (DWD; number) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
DWD 0 4 1.13 (0.07) 0.96 0.23 -0.92 
Fallen deadwood volume was strongly skewed towards being absent or only present in small amounts (<2 
m3ha-1), with much of the range comprising outliers. Nevertheless, the strongly leptokurtic distribution 
indicates areas of more abundant deadwood, whilst not uncommon, were patchy. The diameter class 
diversity of fallen deadwood was more straightforward, showing a fairly unskewed and platykurtic 
distribution towards the lower end of the range. This does, however, question its diagnostic power in the 
Index. 
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Figure 4.8: Boxplot of fallen deadwood (DWF; m3ha-1) 
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Figure: 4.9: Boxplot of deadwood diameter class diversity (DWD; number) 
Standing deadwood data is derived from the relascope sweep: any standing dead trees or snags wider than 
the viewfinder at breast height were recorded at each sample point. Multiplying by 2 gave the basal area 
(m2ha-1) and this was then averaged for the compartment (Table 4.10; Figure 4.10). It should be noted that 
these standing dead trees were not included in the tree basal area calculation. The distribution of standing 
deadwood indicates it was predominantly absent or only present in small quantities (skewed towards <1 
m2ha-1), although the degree of leptokurtosis suggests it is patchily more abundant. 
Table 4.10: Summary statistics for standing deadwood (DWS; m2ha-1) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
DWS 0 6 0.95 (0.09) 1.21 1.29 1.24 
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Figure 4.10: Boxplot of standing deadwood (DWS; m2ha-1) 
Structure class diversity was estimated by counting the number of sample points in a compartment with 
distinct vertical structures, with reference to the canopy and understorey cover recorded (Table 4.11, 
Figure 4.11). The maximum number of distinct structure classes found was five but the distribution was 
skewed towards lower numbers generally (1 to 3 classes) and its mesokurtic nature suggests few 
compartments were more diverse. 
Table 4.11: Summary statistics for structure class diversity (SCD; number) 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
SCD 1 5 2.02 (0.08) 1.09 0.81 -0.26 
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Figure 4.11: Boxplot of structure class diversity (SCD; number)  
4.1 Protocol data 
121 
4.1.5 Subsidiary habitats 
Subsidiary habitats were defined as non-woodland habitats within or immediately adjacent to surveyed 
compartments, they included: rides, glades, watercourses, and ponds. The presence of a subsidiary habitat 
was marked on the agreement map and its size and certain details were recorded. The width, zonation and 
presence of scallops were recorded for rides; the area and presence of trees or shrubs was recorded for 
glades; the width and presence of flowing water was recorded for streams; whilst size and the presence of 
islands or muddy shallows was recorded for ponds. Summary statistics for the subsidiary habitats recorded 
are show in Tables 4.12 & 4.13and illustrated in Figures 4.12 & 4.13. 
Rides were by far the most common subsidiary habitat. Most were in the range of 5-10 m wide (platykurtic 
distribution) and skewed towards the lower end. Few truly ‘wide rides’ were found, and multiple zone 
management was comparatively uncommon. This is indicative of, at best, upgraded access tracks rather 
than the large, biodiversity-enhancing rides envisaged in Ferris (2000). The other subsidiary habitats were 
encountered much less frequently and appear to be more variable in their form; further interpretation is 
inadvisable. 
Table 4.12: Summary statistics by compartment for subsidiary habitats (rides – SHR, watercourses – 
SHW, glades – SHG, ponds – SHP); sizes are m for SHR & SHW, m2 for SHG & SHP 
Type No. Mean size (s.e.) Std. dev. Skewness Kurtosis 
SHR 132 8.40 (0.60) 6.89 0.87 -0.90 
SHW 36 2.31 (0.26) 1.56 3.73 17.08 
SHG 13 3935 (1856) 6690 2.09 3.05 
SHP 13 398 (55) 200 0.87 -0.09 
Table 4.13: Subsidiary habitat features recorded (number of occurrences) 
Rides (SHR) Watercourses (SHW) Glades (SHG) Ponds (SHP) 
1 zone 84 Flowing 23 Shrubs 3 Islands 3 
2 zones 44     Shallows 10 
3 zones 4       
Scallops 36       
 
4.1 Protocol data 
122 
SHWSHR
20
15
10
5
0
W
id
th
 (m
)
 
Figure 4.12: Boxplot of ride (SHR) and watercourse (SHW) width 
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Figure 4.13: Boxplot of glade (SHG) and pond (SHP) area (log scale) 
The habitats adjacent to each compartment, excluding subsidiary habitats and woodland within the same 
agreement, were also recorded. The types recorded were: arable or improved grassland; unimproved 
grassland; heath or scrub; recent woodland; ancient woodland and hedges. The number of compartments 
with each adjacent habitat is shown in Table 4.14. As expected, arable and improved grassland were the 
most common adjacent habitats; however, ancient and recent woodland combined is on a par, indicating 
only half of the case study woods were isolated, although the limited number of hedges is of note. 
Table 4.14: Number of compartments adjacent to each habitat type 
Adjacent habitat Number 
Arable/improved grass 138 
Unimproved grass 25 
Heath/scrub 5 
Recent woodland 48 
Ancient woodland 98 
Hedge 28 
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4.2 Index calculation 
4.2.1 Introduction 
The Index was tested on the Protocol data collected during the case study. For most of the Index 
components, scores were awarded to each compartment based on an average of the sample point data. 
However, field layer composition, the epiphyte community and regeneration needed a slightly different 
approach. This involved calculating an intermediate Index score, to reduce the three or seven variables to 
just one, in order to avoid overrepresentation in the Index. Likewise, treatment of adjacent and subsidiary 
habitats was not straightforward, with scores being allocated to the highest scoring feature in cases where 
there was more than one type of adjacent habitat or several examples of one subsidiary habitat. Sections 
4.2.2 to 4.2.5 describe the calculation of each Index score component, with an example (compartment 
1/1/1), and provide summary statistics of the scores awarded to the case study compartments. Full results 
may be found in the Appendix. 
4.2.2 Woodland structure 
The woodland structure component of the Index comprises scores for tree basal area (TBA), upper and 
lower canopy cover (CCU, CCL), as well as upper and lower understorey cover (UCU, UCL). Index 
scores were assigned to the case study compartment data for each of these variables, as described in 
Table 3.28. An example calculation is shown in Table 4.15, and summary results shown in Figure 4.14 and 
Table 4.16. Overall, the Index scores for the structure components appear to be fairly evenly distributed 
(low skew, platykurtic), although all canopy and understorey cover components show reduced frequencies 
in the middle of the range. The reason for this is because two points were awarded for high understorey 
cover and two or three points for high canopy cover, which although found in many sample points were 
generally absent from the compartment data, following averaging. This questions the diagnostic ability of 
the structure components because scores are polarised between moderate cover (four or five points) and 
low cover (1 point).  
 Table 4.15: Example Index calculation for structure components 
Sample point TBA CCU CCL UCU UCL 
1/1/1/1 42 30 40 60 10 
1/1/1/2 12 10 10 0 10 
1/1/1/3 40 40 60 70 10 
1/1/1/4 32 40 50 70 10 
1/1/1/5 26 40 30 50 20 
1/1/1/6 28 40 30 60 20 
1/1/1/7 28 10 10 10 10 
1/1/1/8 34 50 30 50 20 
1/1/1/9 42 40 30 40 20 
1/1/1/10 18 10 10 10 50 
Cpt mean 30.2 31 30 42 18 
Index score 4 4 4 5 3 
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Figure 4.14: Histograms of Index structure component score by compartment for tree basal area 
(TBA), upper canopy (CCU), lower canopy (CCL), upper understorey (UCU) and lower 
understorey (UCL) 
Table 4.16: Summary statistics for Index structure components 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
TBA 0 5 2.66 (0.12) 1.66 -0.24 -1.06 
CCU 0 5 2.01 (0.15) 2.01 0.33 -1.64 
CCL 0 5 2.78 (0.15) 2.03 -0.35 -1.60 
UCU 0 5 3.38 (0.12) 1.65 -0.51 -1.28 
UCL 0 5 2.92 (0.11) 1.47 -0.02 -1.13 
Structure 1 23 13.74 (0.47) 6.24 -0.67 -0.77 
4.2.3 Woodland composition 
The woodland composition component of the Index comprises scores for tree species diversity (TSD), 
AWVP and woodland NVC indicator species (ISA, ISW), field layer composition (FLT) and epiphyte 
community composition (EPT). Index scores were assigned to the case study compartment data for each 
of these variables, as described in Table 3.28. Example calculations are shown in Tables 4.17 to 4.19, and 
summary results shown in Figure 4.15 and Table 4.20. The Index scores for the composition components 
all show a decreasing frequency with higher scores. It is most notable for ISA, ISW and EPT, which all have 
quite skewed distributions. The implication is that most compartments do not have a highly diverse 
composition, and this is particularly the case with the leptokurtic ISA, where the vast majority of 
compartments have just one or none. This uneven distribution of scores is potentially of benefit to the 
diagnostic ability of the Index. 
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Table 4.17: Example calculation for TSD, ISA and ISW Index scores 
Sample point TSD ISA ISW 
1/1/1/1 1.17 2 5 
1/1/1/2 0.53 1 4 
1/1/1/3 0.45 2 3 
1/1/1/4 0.95 1 2 
1/1/1/5 1.28 2 4 
1/1/1/6 0.67 2 3 
1/1/1/7 0.98 2 2 
1/1/1/8 0.68 1 4 
1/1/1/9 1.07 1 3 
1/1/1/10 0.93 1 2 
Mean/count 0.87 4 7 
Index score 2 4 3 
Table 4.18: Example calculation for FLT Index score 
Sample point FLB FLF FLG FLH FLL FLM FLW FLT 
1/1/1/1 3 0 0 2 4 4 2 ~ 
1/1/1/2 3 0 0 3 4 1 2 ~ 
1/1/1/3 2 1 0 2 4 4 3 ~ 
1/1/1/4 0 0 0 4 5 0 2 ~ 
1/1/1/5 0 2 0 2 3 5 2 ~ 
1/1/1/6 2 1 0 3 4 2 3 ~ 
1/1/1/7 2 1 0 3 5 2 3 ~ 
1/1/1/8 1 2 0 3 4 4 2 ~ 
1/1/1/9 1 0 0 2 4 2 4 ~ 
1/1/1/10 3 0 0 2 1 3 5 ~ 
Median 2 1 0 3 4 3 3 ~ 
Int. score 5 1 0 5 4 5 5 25 
FLT score ~ ~ ~ ~ ~ ~ ~ 4 
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Table 4.19: Example calculation for EPT Index score 
Sample point EPL EPM EPV EPT 
1/1/1/1 2 0 2 ~ 
1/1/1/2 0 0 0 ~ 
1/1/1/3 3 3 2 ~ 
1/1/1/4 4 3 1 ~ 
1/1/1/5 4 3 2 ~ 
1/1/1/6 3 3 2 ~ 
1/1/1/7 1 1 0 ~ 
1/1/1/8 3 4 4 ~ 
1/1/1/9 2 3 3 ~ 
1/1/1/10 0 0 0 ~ 
Median 3 3 2 ~ 
Int. score 5 5 3 13 
EPT score ~ ~ ~ 5 
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Figure 4.15: Histograms of Index composition component score by compartment for tree species 
diversity (TSD), ancient woodland indicator species (ISA), woodland NVC indicator species (ISW), 
field layer composition (FTL) and epiphyte composition (EPT) 
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Table 4.20: Summary statistics for Index composition components 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
TSD 0 5 2.10 (0.10) 1.29 -0.11 -0.60 
ISA 0 5 1.19 (0.09) 1.16 0.92 0.56 
ISW 0 5 2.12 (0.10) 1.27 0.43 -0.29 
FLT 1 4 2.25 (0.06) 0.73 0.01 -0.43 
EPT 0 5 1.31 (0.09) 1.16 0.61 -0.29 
Composition 1 19 8.97 (0.28) 3.68 -0.25 0.14 
4.2.4 Woodland function 
The woodland function component of the Index comprises scores for regeneration (RXT), fallen 
deadwood volume and diameter-class diversity (DWF, DWD), standing deadwood (DWS) and structure 
class diversity (SCD). Index scores were assigned to the case study compartment data for each of these 
variables, as described in Table 3.28. Example calculations are shown in Tables 4.21 and 4.22, whilst 
summary results are shown in Figure 4.16 and Table 4.23. Of the function components, RXT shows a fairly 
normal distribution; however, the remainder are quite skewed towards lower scores. That in itself does 
not present a problem; however, maxima of less than 5 were achieved for three of the components (DWF, 
DWD, SCD), suggesting the draft scale may be too ambitious for the compartments in the sample. 
Table 4.21: Example calculation for DWF, DWD, DWS and SCD Index scores 
Sample point DWF DWD DWS SCD 
1/1/1/1 2.74 1 2 1 
1/1/1/2 0 0 2 2 
1/1/1/3 0 0 2 1 
1/1/1/4 0 0 4 1 
1/1/1/5 3.44 1 2 1 
1/1/1/6 2.5 1 0 1 
1/1/1/7 0 0 2 2 
1/1/1/8 1.49 1 6 1 
1/1/1/9 0 0 2 3 
1/1/1/10 0 0 2 4 
Mean/count 1.02 1 2.4 4 
Index score 1 1 2 3 
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Table 4.22: Example calculation for RXT Index score 
Sample point RSE RSA RYT RXT 
1/1/1/1 1 0 0 ~ 
1/1/1/2 3 2 1 ~ 
1/1/1/3 0 0 0 ~ 
1/1/1/4 0 0 3 ~ 
1/1/1/5 0 0 3 ~ 
1/1/1/6 0 1 1 ~ 
1/1/1/7 4 2 0 ~ 
1/1/1/8 0 0 2 ~ 
1/1/1/9 0 1 2 ~ 
1/1/1/10 0 4 0 ~ 
Median 0 1 1 ~ 
Int. score 0 1 3 4 
RXT score ~ ~ ~ 2 
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Figure 4.16: Histogram of Index function component score by compartment for regeneration 
composition (RXT), fallen deadwood (DWF), deadwood diameter classes (DCD), standing 
deadwood (DWS) and structure class diversity (SCD) 
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Table 4.23: Summary statistics for Index function components 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
RXT 0 5 2.13 (0.08) 1.09 -0.05 0.11 
DWF 0 2 0.42 (0.04) 0.52 0.59 -1.09 
DWD 0 4 1.13 (0.07) 0.96 0.23 -0.92 
DWS 0 5 0.74 (0.09) 1.14 1.46 1.31 
SCD 0 4 1.02 (0.08) 1.09 0.81 -0.26 
Function 0 14 5.44 (0.23) 3.05 0.32 -0.50 
4.2.5 Subsidiary habitats 
The subsidiary habitat component of the Index comprises scores for rides, glades, watercourses, ponds 
and adjacent habitats. Index scores were assigned to the case study compartment data for each of these 
variables, as described in Table 3.29. Example calculations are shown in Tables 4.24 and 4.25, whilst 
summary results are shown in Figure 4.17 and Table 4.26. Not unexpectedly, the subsidiary habitat scores 
are heavily skewed towards the bottom of the scale, and as with the compositional and functional 
elements, this need not be a problem, particularly as most of the habitat components reach their 
maximum. Adjacent habitats are somewhat different, with most compartments scoring four; however, this 
is an artefact of the number of internal compartments surveyed in some of the large ancient woodland 
complexes in Kent, and is not necessarily grounds to modify the component. 
Table 4.24: Example calculation for subsidiary habitat Index scores 
Subsidiary habitat Compartment 1/1/1 Score 
Rides 1 (10m, 1 zone, scallops) 1+1 = 2 
Glades None 0 
Watercourses None 0 
Ponds None 0 
Table 4.25: Example calculation for adjacent habitat Index scores 
Adjacent habitat Compartment 1/1/1 
Arable/improved grassland Yes 
Unimproved grassland Yes 
Scrub/heath No 
Woodland No 
Ancient woodland Yes 
Hedge(s) No 
Score 4 
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Figure 4.17: Histogram of Index habitat component score by compartment for rides (SHR), glades 
(SHG), watercourses (SHW), ponds (SHP) and adjacent habitats (SHA) 
Table 4.26: Summary statistics for Index habitat components 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
SHR 0 4 1.28 (0.10) 1.37 0.88 -0.45 
SHG 0 5 0.19 (0.05) 0.71 4.25 19.49 
SHW 0 5 0.6 (0.10) 1.28 2.04 3.19 
SHP 0 4 0.22 (0.06) 0.86 3.75 12.70 
SHA 0 5 2.97 (0.12) 1.54 -1.07 -0.51 
Habitat 0 14 5.26 (0.20) 2.62 0.45 0.71 
4.2.6 Index score 
The overall scores for the Index and its components are summarised in Figure 4.18 and Table 4.27. For the 
Index as a whole, the maximum score recorded is 56, out of a possible 100, with a minimum of seven. Of 
the component scores, only structure approaches its maximum with scores of 23, whilst function and 
subsidiary habitats achieved particularly low maxima of just 14. Mean values are similarly low, with only 
structure approaching what might be expected if the Index were exactly matched to a normally distributed 
population of woodlands. However, the generally meso- to platykurtic, lightly skewed component scores 
suggest that the Index is not fundamentally flawed or biased. Indeed, the limited number of high scoring 
compartments may well be an accurate representation of the woodland resource in Kent. Tellingly, most 
compartments score within the range 30 to 50 points, suggesting the bulk of Kent’s woodland is broadly 
similar in biodiversity terms. Nevertheless, given the inclusion of a number of NNR compartments in the 
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case study sample, the failure of any compartment to score in the range 60 to 100 suggests that some 
refinement is required. 
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Figure 4.18: Histograms of Index scores for structure (STR), composition (COM), function (FUN), 
and subsidiary habitat (HAB) components as well as the overall score (IND) 
Table 4.27: Summary statistics for Index component and overall scores 
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
Structure 1 23 13.74 (0.47) 6.24 -0.67 -0.77 
Composition 1 19 8.97 (0.28) 3.68 -0.25 0.14 
Function 0 14 5.44 (0.23) 3.05 0.32 -0.50 
Habitat 0 14 5.26 (0.20) 2.62 0.45 0.71 
Index 7 56 33.42 (0.93) 12.45 -0.59 -0.49 
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5 Analysis: Aim 1 
Chapter 4 presented the results of the Protocol trial from the Kent case study, as well as the initial 
calculation of the Index, and some preliminary interpretation. Chapter 5 analyses the case study data with 
a view to developing the Protocol and Index. Specifically, the reliability and evaluative power of the data 
are verified, before options for refinement are investigated. Revisions to the Protocol and Index are 
discussed and a final version presented in the Appendix, addressing Aim 1 of the thesis. 
5.1 Protocol development 
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5.1 Protocol development 
5.1.1 Exploratory factor analysis 
The first step in validating the Protocol data from the case study was to conduct an exploratory factor 
analysis (EFA1) to determine whether the major axes of variation in the data correlated with any 
recognisable woodland types. The analysis was carried out in SPSS, with factor extraction by the principal 
components method, due to known correlations between the Protocol variables. A correlation matrix was 
used because the variables are measured on different scales, and the solution was rotated using the non-
orthogonal direct oblimin method, again due to inter-variable correlations. The number of axes to extract 
was determined by Velicer’s Minimum Average Partial (MAP) criterion (O’Connor, 2000), which resulted 
in the extraction of the first three axes, explaining 49% of the variation in the data (Table 5.1). 
Table 5.1: Exploratory factor analysis of the Protocol data; Eigenvalues and cumulative variance 
explained are given for the three extracted (i.e. important) axes 
Axis Extracted 
Eigenvalue 
Cumulative % 
Var. explained 
Rotated 
Eigenvalue 
1 7.75 30.99 7.69 
2 2.61 41.41 2.61 
3 1.95 49.21 2.08 
The correlation coefficients (component loadings) between the variables and extracted axes are shown in 
Table 5.2 and the first two axes plotted in Figure 5.1, with the Protocol variables for reference. Examining 
the correlations on each axis allows three broad types of woodland to be distinguished. Axis 1 shows 
strong positive correlations with basal area and vertical cover (CCU, CCL and UCU) except the lower 
understorey (UCL), suggesting mature high forest or mature/stored coppice. The moderate to strong 
positive correlations with tree and indicator species, epiphytes and deadwood further support this, as do 
the strong positive correlations with leaf litter and moss in the field layer. 
In contrast, axis 2 shows negative correlations with basal area and canopy cover but is strongly positively 
correlated with lower understorey cover. Thus suggests newly planted or regenerating stands, although 
the lack of correlation with ancient woodland indicators (ISA) favours the former. Moderate positive 
correlations with saplings (RSA) and young trees (RYT) reinforce this interpretation of new planting, as do 
negative correlations with epiphytes (EPL & EPM). No strong correlations are found for the field layer but 
it is of note that the strong negative correlation with graminoids (FLG) on axis 1 is not present. 
Axis 3 is less easy to categorise, in part due to the limited number of strong or moderate correlations. 
These defining factors are limited to a strong positive correlation with epiphytic vascular plants (EPV) and 
moderate positive correlations with woody plants (FLW) and bare ground (FLB) in the field layer, as well 
as seedlings (RSE). The remaining factors show little correlation with the axis, although the structure may 
be somewhat canopy biased with few young trees. Examination of the raw data, and anecdotal evidence 
from the case study, suggests that axis 3 is identifying woods used heavily as a public amenity and/or 
plantations that are somewhat overgrown and under-managed. In particular, the positive correlation with 
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bare ground and the negative one with young trees, despite a positive correlation with seedlings, suggest a 
disturbed field layer and suppressed regeneration, which are both consistent with heavy amenity use. 
Table 5.2: Correlation coefficients of Protocol variables with extracted axes of variation (principal 
components, direct oblimin rotation, structure matrix only shown); strong (≥±0.6) correlations in 
bold, moderate (≥±0.4) in italics 
Variable Axis 1 Axis 2 Axis 3 Variable Axis 1 Axis 2 Axis 3 
TBA 0.83 -0.23 0.23 FLM 0.63 -0.07 -0.16 
CCU 0.61 -0.45 0.33 FLW 0.35 0.43 0.57 
CCL 0.72 -0.27 0.35 EPL 0.46 -0.50 -0.02 
UCU 0.68 0.35 0.09 EPM 0.72 -0.38 -0.20 
UCL 0.08 0.77 0.09 EPV 0.14 -0.01 0.68 
TSD 0.58 0.08 0.25 RSE 0.06 0.12 0.47 
ISA 0.61 0.18 -0.03 RSA -0.39 0.47 0.09 
ISW 0.52 0.32 0.06 RYT 0.37 0.46 -0.39 
FLB -0.04 -0.21 0.50 DWF 0.50 -0.14 -0.01 
FLF 0.12 0.38 -0.15 DWD 0.75 0.02 -0.04 
FLG -0.82 -0.22 -0.22 DWS 0.50 -0.15 0.27 
FLH -0.56 -0.20 -0.03 SCD 0.58 0.26 -0.27 
FLL 0.85 0.12 0.10     
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Figure 5.1: Factor analysis plot of compartments (o) and Protocol variables (•) for the first two 
extracted axes; axis 1 shows an established vs. new planting gradient, whilst axis 2 suggests a 
weaker mature vs. regenerating gradient 
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5.1.2 Independence of samples 
The compartment is the fundamental unit of analysis throughout this thesis, as it is the level at which 
woodland management is organised under the WGS. This presents a problem, however, because 
compartments within a WGS agreement cannot be considered truly independent, partly because many 
form multi-compartment woods, and partly because of similarities in history and management that will 
inherently exist in woodland in the same ownership and locality. 
In order to investigate the magnitude of this “agreement” effect, and hence the need to account for it in 
the validation and refinement analyses, a redundancy analysis (RDA) was conducted using Canoco (ter 
Braak & Smilauer, 2002), after a preliminary detrended correspondence analysis indicated the Protocol 
variable response was linear. The Protocol data were input as response variables and the agreement 
number (1 to 50) as the explanatory variable; inter-sample scaling was used because the explanatory 
variable was nominal, whilst the response variables were centred and standardised due to the different 
units of measurement. The significance of the variance explained was tested by 999 unrestricted Monte 
Carlo permutation tests under the full model. 
The variance in the Protocol data explained by the WGS agreement a compartment belonged to was only 
1.5%, indicating a very small effect (Table 5.3). An examination of plots of the first two factor analysis axes 
(Figure 5.2) also showed this to be the case, with very few agreements showing closely clustered 
compartments. Mostly, this was observed, not unexpectedly, with new planting; however, compartments 
from four established woodlands did show noticeable clustering: 22, 33, 38 and 42. Three of those were 
large, relatively uniform nature reserves, whilst the other was a collection of urban woods used heavily for 
amenity. Other large but more heterogeneous woods, such as 42 and 43, do not show this clustering, 
suggesting it is a genuine effect of compartment similarity rather than an unwanted ownership effect, and 
may safely be ignored for the main analysis. 
Table 5.3: Redundancy analysis of the Protocol data and WGS agreement; just 1.5% of the variance 
in the Protocol data is explained by the agreement a compartment belongs to, indicating the effect is 
sufficiently small to be ignored in further analyses 
Cumulative % variance explained Axis 1 Axis 2 Axis 3 Axis 4 
of Protocol data 1.5 31.7 42.2 49.9 
of Protocol-agreement relation 100 0 0 0 
Monte Carlo significance (p-value) 0.008    
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Figure 5.2: Factor analysis plots of compartment based Protocol data labelled by the WGS 
agreement to which they belong (1 to 50); only four of fifty agreements show clustering (denoted 
with *), reinforcing the smallness of any ownership effect 
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5.1.3 Validation against compartment characteristics 
The exploratory factor analysis demonstrated that the major axes of variation in the Protocol data 
distinguished between woodlands of different types. The next step in the validation process was, therefore, 
to investigate whether the Protocol data varied with other compartment characteristics, such as age, size 
and protected area designation, in the ways predicted in Subsection 3.1.4. To do this, plots of the first two 
axes extracted in the factor analysis were created with the data labelled by the compartment 
characteristics to look for the predicted patterns. The status of a compartment as ancient semi-natural 
(ASNW), ancient replanted (ARPW), plantation (PLTN) or newly planted (NEW) was used as an 
analogue for compartment age; compartment size (SIZE) was known; and designation as a Site of Special 
Scientific Interest or National Nature Reserve (SSSI) included most protected (i.e. high quality) woodland. 
Compartment age was predicted to show a distinct grouping of newly planted woodlands (NEW), and 
Figure 5.3 shows this to be the case. Furthermore, there is also a reasonably clear distinction between 
ancient semi-natural (ASNW) and plantation woodland (ARPW and PLTN), which was not predicted, 
suggesting the diagnostic power of the Protocol is somewhat better than expected. 
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Figure 5.3: Factor analysis plot of Protocol data labelled by compartment age; the distinct group of 
newly planted (NEW) compartments is clear, whereas ancient semi-natural (ASNW), ancient 
replanted (ARPW) and plantation woodland (PLTN) overlap 
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Compartment size was predicted to show a gradation from large to small along one or more of the 
ordination axes; however, Figure 5.4 shows this not to be the case. Whilst the smaller compartments 
(<1ha) are concentrated towards the negative end of Axis 1 and the bigger ones (>1 ha) at the positive 
end, there is no distinction between the moderate (1>2.5ha) and large (2.5ha>) compartments. This 
suggests that either the Protocol is somewhat inadequate at detecting size-driven compartment differences, 
or perhaps that, beyond a certain minimum size (~1ha), compartment area has relatively little effect in 
English woodlands. Indeed, a linear regression analysis of Protocol data against compartment size shows 
that whilst compartment size explains a significant amount of variation for 13 of the 25 variables, that 
amount is typically very small (mean adjusted R2 = 0.09). 
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Figure 5.4: Factor analysis plot of Protocol data labelled by compartment size; a distinction between 
small (<1ha) and large compartments (>1ha) is apparent 
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Protected area designation (i.e. SSSI) was predicted to show two mostly distinct groups of compartments; 
those designated and those not. This is not exactly the case, as shown in Figure 5.5, probably because 
most SSSIs are also ancient semi-natural, and the Protocol appears, perhaps not unexpectedly, unable to 
distinguish between designated and undesignated ASNW (c.f. Figure 5.3). Compartment size is perhaps 
also a reason (c.f. Figure 5.4), with SSSIs generally being slightly larger (logistic regression: adjusted R2 = 
0.13, β = 0.37, p < 0.001). 
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Figure 5.5: Factor analysis plot of Protocol data labelled by SSSI designation; the distinction between 
designated and undesignated is reasonably clear 
Considering all three Figures (5.3 to 5.5) together, there appear to be three distinct groupings: newly 
planted compartments; ancient, medium to large compartments, often designated as SSSIs; and smaller 
plantation compartments. These groupings broadly concur with the woodland types already identified by 
the factor analysis, although significant noise is evident. 
In order to better quantify the actual variation explained by compartment age, size and SSSI designation, a 
redundancy analysis (RDA) was conducted using Canoco (ter Braak & Smilauer, 2002). RDA was chosen, 
rather than canonical correspondence analysis, after a preliminary detrended correspondence analysis 
indicated the Protocol variable response was linear. For the analysis, the Protocol data were input as 
response variables and the compartment characteristics as explanatory variables; inter-sample scaling was 
used because the explanatory variables were nominal, whilst the response variables were centred and 
standardised due to the different units of measurement. Forward selection by 999 unrestricted Monte 
Carlo permutation tests, under the full model, was used to determine the variance explained by each 
compartment. 
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In total, the compartment characteristics explain 29% of the variation in the Protocol data, with most (20%) 
being explained by newly planted compartments (NEW), as expected from the factor analysis (Table 5.4). 
The other characteristics all explain a significant amount of variation but it is considerably less than that 
explained by NEW; however, it should be noted that SSSI explains little variation (1%) because it is 
strongly correlated with ASNW (r=0.55), whilst ARPW and PLTN explain similarly little variation because 
NEW and ASNW have already explained most of the compartment age related variation. 
Table 5.4: Redundancy analysis Monte Carlo permutation test results; compartment characteristics 
explain 29% of the total Protocol data variation, most of which (20%) is due to NEW compartments 
(* - collinearity due to coding of dummy variables, only one is included in the total) 
Characteristic F-ratio p-value Var. 
NEW 42.89 0.001 0.20 
ASNW 10.96 0.001 0.05 
SIZE 5.80 0.001 0.02 
ARPW* 3.14 0.001 0.01 
PLTN* 3.14 0.001 0.01 
SSSI 1.56 0.050 0.01 
Total variance explained  0.29 
In conclusion, the Protocol data have been shown to vary with the compartment characteristics of age, 
size and protected area designation, as predicted; however, most of the explained variation is due to the 
obvious difference between newly planted and established woodlands, questioning the diagnostic power of 
the Protocol. Nevertheless, the main axes of variation in the data show reasonably distinct groupings of 
compartments, indicating that the Protocol is recording sufficient information to distinguish between 
compartments of different types, albeit not necessarily those considered in this stage of the analysis. 
5.1.4 Validation against tree basal area 
The next step in the validation of the Protocol was to move from considering the dataset as a whole, and 
examine the response of the individual variables. As the most objectively estimated Protocol variable, tree 
basal area (TBA) was predicted to have a range of specific relationships with the other, more subjectively 
estimated compartment variables (see Table 3.6). If these relationships can be reliably identified in the case 
study data, it will provide evidence that the compartment groupings identified above result from 
ecologically relevant differences, and that they have been accurately recorded by the Protocol. 
A generalised additive modelling (GAM) approach was used to analyse the Protocol variables against tree 
basal area. GAM was chosen because it has two distinct advantages over other regression analysis 
techniques: it is non-parametric, allowing non-linear relationships to be identified; and it is completely 
automatic, so no statistical ‘detective work’ is required to determine the function that provides the best fit 
(Hastie & Tibshirani, 1990). CanoDraw was used to conduct the analysis (Smilauer, 2002), with the model 
distributions and link function chosen according to the units and recording methodology of each variable. 
Two degrees of freedom were used for the cubic spline smoother because one degree resulted in such 
aggressive smoothing that unimodal responses could not be identified, whereas three degrees started to 
introduce possibly unjustified complexity to the fitted curve with little improvement in model fit. Fitted 
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model significance is derived from the difference in deviance between the null model (in which all 
responses have the same predicted outcome) and the fitted model. A non-linearity test is also quoted to 
help detect ‘over-fitting’: a significant non-linear fitted model should be disregarded if the non-linearity test 
is failed, instead a significant linear relationship should be assumed (generally of similar direction and 
magnitude to the non-linear model). 
Canopy and understorey cover, both upper and lower, all show significant non-linear relationships with 
basal area (Table 5.5). Canopy cover (CCU & CCL) demonstrated the somewhat logistic responses that 
were expected, with the rate of increase with basal area slowing above mid basal areas. Understorey cover 
also behaved as predicted, with both UCL and UCU showing unimodal responses with peaks at low and 
mid basal areas, respectively (Figure 5.6). 
Table 5.5: Generalised additive models of canopy (CCU, CCL) and understorey (UCU, UCL) % 
cover against basal area (TBA; m2ha-1) 
 CCU CCL UCU UCL 
Distribution Poisson Poisson Poisson Poisson 
Link function Log Log Log Log 
Null model deviance 3712 3358 2605 1053 
Fitted model deviance 2182 1455 1497 908.5 
F (fitted model) 76.3 135.3 69.4 13.2 
p (fitted model) <0.001 <0.001 <0.001 <0.001 
F (non-linearity) 28.3 60.6 75.9 23.1 
p (non-linearity) <0.001 <0.001 <0.001 <0.001 
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Figure 5.6: GAM plot of canopy (CCU, CCL) and understorey (UCU, UCL) % cover against basal 
area (TBA; m2ha-1) 
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Tree species diversity and the number of AWVP and woodland NVC indicator species all show significant 
non-linear relationships with basal area (Table 5.6). Tree species diversity (TSD) behaved as predicted, 
showing an asymptotic increase with basal area; and so did the number of ancient woodland (ISA) and 
woodland NVC (ISW) indicator species, with unimodal responses centred on mid basal areas (Figure 5.7). 
Table 5.6: Generalised additive models of tree species diversity (TSD; H) and number of AWVP 
(ISA) and woodland NVC (ISW) indicator species against basal area (TBA; m2ha-1) 
 TSD ISA ISW 
Distribution Normal Poisson Poisson 
Link function Identity Log Log 
Null model deviance 31.60 232.6 294.6 
Fitted model deviance 18.22 161.1 224.2 
F (fitted model) 64.25 44.52 28.27 
p (fitted model) <0.001 <0.001 <0.001 
F (non-linearity) 45.99 48.84 35.59 
p (non-linearity) <0.001 <0.001 <0.001 
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Figure 5.7: GAM plot of tree species diversity (TSD; H) and number of AWVP (ISA) and woodland 
NVC (ISW) indicator species against basal area (TBA; m2ha-1) 
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Field layer composition generally shows the expected relationships with basal area (Table 5.7): as 
predicted, bare ground (FLB) and ferns (FLF) are independent of basal area, herbs (FLH) show a linear 
decrease, and woody plants (FLW) show logistic increase (Figure 5.8). Not quite as predicted, graminoids 
(FLG), leaf litter (FLL) and mosses (FLM) show logistic rather than linear changes with basal area. However, 
the relationships are ecologically plausible and highlight deficiencies in the predictions rather than the 
Protocol: the effect of newly planted areas with low basal areas was underestimated for graminoids; the 
ubiquity and abundance of leaf litter meant a maximum was reached unexpectedly quickly; and the effect of 
conifer plantations and stem-exclusion stage stands was underestimated for mosses. 
Table 5.7: Generalised additive models of field layer composition (bare ground – FLB, ferns – FLF, 
grass – FLG, herbs – FLH, litter – FLL, moss – FLM, woody species – FLW; median DAFOR scores) 
against basal area (TBA; m2ha-1) 
 FLB FLF FLG FLH FLL FLM FLW 
Distribution Binomial Binomial Binomial Binomial Binomial Binomial Binomial 
Link function Logit Logit Logit Logit Logit Logit Logit 
Null model deviance 445.1 314.6 868.9 479.7 737.9 315.7 457.2 
Fitted model deviance 438.7 305.1 444.9 398.8 347.3 226.3 365.9 
F (fitted model) 1.44 2.48 56.93 19.92 98.84 39.72 27.61 
p (fitted model) 0.240 0.090 <0.001 <0.001 <0.001 <0.001 <0.001 
F (non-linearity) 2.36 3.61 5.41 2.94 6.55 13.64 38.92 
p (non-linearity) 0.127 0.059 0.021 0.088 0.011 <0.001 <0.001 
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Figure 5.8: GAM plot of field layer composition (bare ground – FLB, ferns – FLF, grass – FLG, herbs 
– FLH, litter – FLL, moss – FLM, woody species – FLW; median DAFOR scores) against basal area 
(TBA; m2ha-1) 
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Components of the epiphyte community all show significant non-linear relationships with basal area (Table 
5.8). Lichens (EPL), mosses (EPM) and vascular plants (EPV) all show the logistic increases with basal area 
that were predicted (Figure 5.9); however, the vascular plant response is slightly unimodal, reaching a 
maxima at lower basal areas than the other two. This is ecologically plausible and is probably due to the 
light environment at high basal areas. 
Table 5.8: Generalised additive models of epiphyte community composition (lichens – EPL, mosses 
– EPM, vascular plants - EPV; median DAFOR scores) against basal area (TBA; m2ha-1) 
 EPL EPM EPV 
Distribution Binomial Binomial Binomial 
Link function Logit Logit Logit 
Null model deviance 247.3 455.9 348.1 
Fitted model deviance 182.8 260.7 320.4 
F (fitted model) 34.86 80.07 6.97 
p (fitted model) <0.001 <0.001 0.001 
F (non-linearity) 9.68 18.45 8.25 
p (non-linearity) 0.002 <0.001 0.004 
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Figure 5.9: GAM plot of epiphyte community composition (lichens – EPL, mosses – EPM, vascular 
plants - EPV; median DAFOR scores) against basal area (TBA; m2ha-1) 
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Regarding woodland regeneration, the predicted linear relationships with basal area are mostly found 
(Table 5.9). As expected, saplings (RSA) show a linear decrease and young trees (RYT) a unimodal 
response with increasing basal area (Figure 5.10). Seedlings (RSE), however, are independent of basal area 
although the plot does show a tendency towards the linear increase predicted. In this case, it would appear 
that the limiting effects of shading and micro-site availability at higher basal areas were greater than 
expected. 
Table 5.9: Generalised additive models of regeneration components (seedlings – RSE, saplings – 
RSA, young trees - RYT; median DAFOR scores) against basal area (TBA; m2ha-1) 
 RSE RSA RYT 
Distribution Binomial Binomial Binomial 
Link function Logit Logit Logit 
Null model deviance 309.4 314.7 406.1 
Fitted model deviance 300.5 279.6 383.4 
F (fitted model) 2.61 13.33 6.49 
p (fitted model) 0.079 <0.001 0.002 
F (non-linearity) 2.39 0.61 11.24 
p (non-linearity) 0.124 0.436 0.001 
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Figure 5.10: GAM plot of regeneration components (seedlings – RSE, saplings – RSA, young trees - 
RYT; median DAFOR scores) against basal area (TBA; m2ha-1) 
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Fallen deadwood shows the predicted relationships with basal area: volume (DWF) increases linearly and 
diameter class diversity (DWD) logistically with increasing basal area (Table 5.10; Figure 5.11). Standing 
deadwood (DWS), however, shows a linear rather than logistic increase with basal area (Figure 5.11), 
probably because dense conifer plantations with little standing deadwood, which were allowed for in the 
prediction, were not encountered as frequently as expected. Just considering broadleaved woodland in 
Kent, a linear increase is very much expected as most of the stands (predominantly former coppice) are 
now reaching the stem-exclusion stage following post-war neglect (G.P. Buckley pers. com.) 
Table 5.10: Generalised additive models of fallen deadwood volume (DWF; m3ha-1), diameter 
classes (DWD; number of classes) and standing deadwood (DWS; m2ha-1) against basal area (TBA; 
m2ha-1) 
 DWF DWD DWS 
Distribution Normal Binomial Normal 
Link function Identity Logit Identity 
Null model deviance 642.2 253.6 260.3 
Fitted model deviance 547.7 169.7 210.6 
F (fitted model) 15.09 53.46 20.65 
p (fitted model) <0.001 <0.001 <0.001 
F (non-linearity) 2.52 28.03 1.45 
p (non-linearity) 0.114 <0.001 0.231 
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Figure 5.11: GAM plot of fallen deadwood volume (DWF; m3ha-1), diameter classes (DWD; number 
of classes) and standing deadwood (DWS; m2ha-1) against basal area (TBA; m2ha-1) 
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Finally, structure class diversity shows the predicted unimodal relationship with basal area (Table 5.11; 
Figure 5.12). 
Table 5.11: Generalised additive model of structure class diversity (SCD; number of classes) against 
basal area (TBA; m2ha-1) 
 SCD 
Distribution Binomial 
Link function Logit 
Null model deviance 187.2 
Fitted model deviance 146.5 
F (fitted model) 26.35 
p (fitted model) <0.001 
F (non-linearity) 33.49 
p (non-linearity) <0.001 
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Figure 5.12: GAM plot of structure class diversity (SCD; number of classes) against basal area (TBA; 
m2ha-1) 
The aim of this stage of the analysis was to verify the reliability of the more subjective Protocol variables by 
comparison with the objectively estimated basal area. For the majority of variables, the modelled response 
was as predicted, suggesting the Protocol can reliably record subjectively estimated data from a diverse set 
of woodlands. Where the two deviated, this was typically due to over simplified or even demonstrably 
incorrect predictions, and in all cases, the modelled response was ecologically plausible. 
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5.1.5 Refinement 
It has been demonstrated in Subsections 5.1.1 to 5.1.4 that the Protocol is capable of reliably recording 
valuable information about a woodland compartment’s biodiversity. The next stage in its development, 
therefore, was to consider how it might be refined and improved. 
The initial design of the Protocol was very pragmatic: to record as much information about a compartment 
as possible, using the minimum of skill and equipment (because of Woodland Officer constraints), with the 
intention of later removing any survey items that were found to perform poorly. Survey speed was not an 
initial requirement; however, it is much more important for the revised, post-case study Protocol. 
Therefore, a cost-benefit analysis was carried out to determine the elements of the Protocol that provided 
the most useful information (i.e. to distinguish between compartments) for the least survey effort. Those 
that provided little useful information, or required too much survey time, could then be dropped from the 
Protocol. 
The factor analysis (Subsection 5.1.1) included a calculation of the amount of variation of each Protocol 
variable that was explained by the three extracted axes (Table 5.12), providing a good measure of their 
diagnostic importance (i.e. benefit) for use in the cost-benefit analysis. The ‘cost’ was simply the average 
time taken to record each survey item (see Subsection 3.3.6); however, because several variables were 
recorded by each survey item, it was necessary to calculate the mean variance explained for each item 
(Table 5.12). 
Table 5.12: Percentage (%) variance of each Protocol variable explained by the three extracted axes 
from the factor analysis; the mean is calculated for each survey item for use as the ‘benefit’ in the 
cost-benefit analysis 
Survey item Protocol variable % variance explained Mean 
Vertical structure CCU CCL UCU UCL SCD    
 66 70 57 61 48   60.42 
Relascope TBA TSD DWS      
 77 39 33     49.63 
Indicator species ISA ISW       
 40 36      38.20 
Field layer FLB FLF FLG FLH FLL FLM FLW  
 29 18 74 35 74 44 63 48.09 
Epiphytes EPL EPM EPV      
 47 74 48     56.17 
Regeneration RSE RSA RYT      
 24 40 49     37.70 
Fallen deadwood DWF DWD       
 28 57      42.20 
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The cost-benefit analysis involved the calculation of the mean variance explained by the extracted axes 
(benefit) per second of recording time (cost) for each survey item (Table 5.13); the items were then 
ranked in order of decreasing variance explained per second and the resulting cumulative survey time 
calculated. The results show that indicator species are the weakest survey item, despite having moderate 
variance explained, because of the exceedingly long recording time required: removing them from the 
Protocol results in the average recording time decreasing by 47% from 606 to 324 seconds but total 
variance explained only decreases by 11.5%. The next weakest item is fallen deadwood, which despite 
being moderately quick to record, has very little variance explained; removing it as well as indicator species 
reduces survey time by a further 24% and variance explained by another 14%. Removal of further survey 
items results in similarly modest time-savings for ever increasing losses in variance explained. 
Table 5.13: Mean variance explained per second for each survey item ranked in descending order 
and the resulting cumulative survey time 
Survey 
item 
% variance 
explained 
Recording 
time (s) 
Variance 
explained s-1 
Rank Cumulative time (s) 
Vertical structure 60.42 48 1.26 2 78 
Relascope sweep 49.63 72 0.69 5 246 
Indicator species 38.20 282 0.14 7 606 
Field layer 48.09 60 0.80 4 174 
Epiphytes 56.17 30 1.87 1 30 
Regeneration 37.70 36 1.05 3 114 
Fallen deadwood 42.20 78 0.54 6 324 
Therefore, based on the cost-benefit analysis, the greatest gains in survey time would be made by dropping 
indicator species recording; however, completely removing indicator species from the Protocol may not 
be desirable, and an alternative approach could be to modify the species recording methodology to reduce 
the time required, although it would have to be reduced by nearly two thirds (to 104 seconds) to be on a 
par with fallen deadwood. Two possible options for achieving this are much shorter indicator species lists, 
or the recording of morphospecies (i.e. the number of visually different types of plant found); however, 
with both of these methods, there is a concern that most information on community composition would 
be lost. 
During the case study, searching for indicator species was particularly time consuming due to unfamiliarity 
with the 175 species listed, resulting in a need to identify all but a very small subset of commonly found or 
very distinctive species. Reducing the species lists to include just such species would decrease survey time 
but at the cost of not only losing much information on community composition but also species richness. 
For example, in the case study, only 24 of 90 AWVP and 38 of 85 woodland NVC indicator species were 
recorded, and most of those (20 AWVP, 20 NVC) were found in fewer than 10 compartments. Counting 
morphospecies, on the other hand, would provide a good measure of species richness but again at the 
cost of losing information on community composition. Nevertheless, the usefulness of morphospecies has 
been well established in a number of studies (e.g. Oliver & Beattie, 1996; Krell, 2004) and it would 
certainly allow for rapid surveying. 
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At this point, it is worth considering the other item of species recording in the Protocol, namely tree 
species, and the likely identification skills of a Woodland Officer. The counting of individuals of each tree 
species during the relascope sweep added to the time required, as did the calculation of the Shannon 
diversity index post-survey. If species recording in the Protocol is to be completely reconsidered, then it 
may be better to have a relascope sweep where the species present are listed rather than counted. Given 
that a Woodland Officer is likely to be better at identifying species of tree and shrub, than other plant 
species, counting morphospecies to record ground flora richness at a sample point, whilst fully listing the 
tree and shrub species, may be a better approach to species recording. 
The major advantage of this hybrid approach is that a good estimate of species richness is maintained 
whilst still providing useful information on community composition but with much reduced survey times. 
The main drawback, however, compared to using lists of indicator species, is that no information is 
recorded about the ‘desirability’ of the community present, i.e. invasive species (rhododendron, bracken) 
would be counted alongside woodland species, whilst AWVP species would not be considered at all. It 
may be possible to ameliorate this to some extent by including very limited lists of ‘negative’ and ‘positive’ 
indicator species but such lists would have to be exceedingly short, and of some local relevance, to avoid 
the problem of having to identifying every ground flora species. For example, in some of the large Kent 
woodlands it may be useful to record the presence of Melampyrum pratense, the main food plant of the 
threatened heath fritillary (Mellicta athalia). 
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5.2 Index development 
5.2.1 Introduction 
The purpose of the Index is to provide a simple, consistent means of interpreting the biodiversity value of a 
compartment from the large number variables recorded by the Protocol. It was designed to maximise 
clarity and minimise bias by giving equal weighting to woodland structure, composition, function, and 
subsidiary habitats: each contained five variables, each with a maximum score of five, giving a maximum 
possible score of 100. The Index score banding for each variable was evenly allocated and used absolute 
standards from the literature. Relative banding, where the number of compartments in each band is 
equalised, was discounted as it would not have been generally applicable and would have made monitoring 
change difficult; however, for pragmatic reasons, maximum values from the case study were used to 
determine upper boundary limits for certain variables. 
After its initial design (Section 3.2), the Index was calculated using the Protocol data from each 
compartment surveyed in the case study (Section 4.2). A preliminary examination of the resulting Index 
scores indicated that there were no fundamental flaws in their distribution. Therefore, the next stage in the 
development of the Index was to verify whether it was responding in the predicted manner (see 
Subsection 3.2.4) to compartments with fundamentally different characteristics, before moving on to 
examine ways in which it may be refined. 
5.2.2 Validation 
The Index score allocated to a compartment was predicted to vary with certain compartment 
characteristics; namely, age, size and designation as a protected area (Table 3.30). A regression analysis of 
Index scores against these compartment characteristics was therefore conducted to investigate whether 
the Index was behaving as predicted. As in Subsection 5.1.3, the status of a compartment as ancient semi-
natural (ASNW), ancient replanted (ARPW), plantation (PLTN) or newly planted (NEW) was used as an 
analogue for compartment age, whilst compartment size (SIZE) and designation (SSSI) were as recorded. 
Categorical regression in SPSS was used to analyse the relationship between compartment Index score and 
age; Index score was scaled as numeric, and compartment age as ordinal with discretization by ranking. A 
strong positive relationship was found between increasing compartment age and Index score, as predicted 
(Table 5.14). It is of note that there is little difference between the scores of PLTN (mean 34) and ARPW 
(mean 31) compartments, as expected; whilst NEW (mean 12.5) compartments score much lower and 
ASNW (mean 41.3) somewhat higher, again as expected (Figure 5.13). 
Table 5.14: Summary statistics for categorical regression of Index score against compartment age 
 Value p-value 
Adjusted R2 0.611 <0.001 
β (standard error) 0.79 (0.047) <0.001 
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Figure 5.13: Categorical regression plot of Index score residuals against compartment age, 
described as newly planted (NEW), plantation (PLTN), ancient replanted (ARPW), ancient semi-
natural (ASNW) 
The curve estimation procedure in SPSS was used to identify the regression model that best described the 
relationship between compartment size and Index score. Initially, all regression models were tested, with 
the exception of logistic, and all showed a significant relationship. Therefore, the adjusted R2 values of each 
model were compared to identify the one with the best fit, which was logarithmic (Table 5.15; Figure 5.14). 
One compartment was much larger than the others (17/1; 25.1 ha): removing this outlier still resulted in a 
logarithmic model providing the best fit, albeit at a slightly lower adjusted R2. 
Table 5.15: Summary statistics for logarithmic regression of Index score against compartment size 
 Value p-value 
Adjusted R2 0.222 <0.001 
β 0.476 <0.001 
 
Figure 5.14: Logarithmic regression plot of Index score against compartment size (ha) 
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Logistic regression was used to analyse the relationship between compartment Index score and 
designation as a SSSI. A significant positive relationship was found, as expected (Table 5.16; Figure 5.15), 
with the mean SSSI score being 41.3 compared to 30 for non-SSSI. 
Table 5.16: Summary statistics for logistic regression of Index score against SSSI designation 
 Value p-value 
Adjusted R2 0.163 <0.001 
β 0.664 <0.001 
 
Figure 5.15: Logistic regression plot of Index score against SSSI designation 
As a rather abstracted method of determining the biodiversity ‘value’ of a compartment, there was a 
concern that the allocation of Index scores to 30 variables, despite equal weighting, may have resulted in 
compartment scores that did not accurately reflect the biodiversity recorded. This analysis has shown that 
certain types of compartment, which were predicted to have greater biodiversity value on average, do 
indeed have higher average Index scores, indicating that the Index is performing broadly as expected. 
5.2.3 Refinement 
Having shown that the Index was scoring compartments in a generally desirable manner (Section 4.2 and 
Subsection 5.2.2), the next step in its development was to examine the relative contribution of each Index 
component in more detail, with a view to refining the Index’s performance by weighting, adjusting, adding 
or removing components as required. This was achieved by a combination of factor analysis, to examine 
the Index components’ relationships to the major axes of variation in the data, and reliability analysis to 
examine the component scoring scales in greater detail. 
The factor analysis (EFA2) was carried out in SPSS, with factor extraction by the principal components 
method, due to known correlations between the Index components. A covariance matrix was used, and 
the solution was rotated using the non-orthogonal direct oblimin method, due to the inter-variable 
correlations. The number of axes to extract was determined by Velicer’s Minimum Average Partial (MAP) 
criterion (O’Connor, 2000), which resulted in the extraction of the first two axes, explaining 36.8% of the 
variation in the data (Table 5.17). 
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Table 5.17: Factor analysis Eigenvalues and cumulative variance explained for the first axes; most 
variation is explained by axis 1, even after rotation 
Axis Raw 
Eigenvalue 
Rescaled 
Eigenvalue 
Cumulative % 
Var. explained 
Rotated 
Eigenvalue 
1 12.00 5.25 26.26 5.11 
2 4.32 2.10 36.75 2.87 
An examination of the rescaled communalities (variance of each component explained by both axes) 
shows that most of the Index components are performing well; however, there are some important 
exceptions (Table 5.18). Structure is, perhaps unsurprisingly, the best performing group of components 
with only the lower understorey (UCL) somewhat underperforming. Next is composition, where the field 
layer (FLT) performs particularly poorly, followed by function where neither regeneration (RXT) nor 
deadwood (DWF, DWS) performs well. The worst, however, is subsidiary habitats where only adjacent 
habitats (SHA) perform reasonably well. 
Table 5.18: Rescaled extracted communalities – variance of each component explained by the first 
two axes (maximum = 1, minimum = 0); items in bold indicate poor performance 
Structure Com. Composition Com. Function Com. Habitats Com. 
TBA 0.66 TSD 0.33 RXT 0.22 SHR 0.31 
CCU 0.76 ISA 0.50 DWF 0.23 SHG 0.01 
CCL 0.80 ISW 0.41 DWD 0.48 SHW 0.11 
UCU 0.51 FLT 0.07 DWS 0.20 SHP 0.01 
UCL 0.30 EPT 0.53 SCD 0.47 SHA 0.45 
A reliability analysis, using Cronbach’s Alpha, was then conducted to investigate the internal consistency of 
the Index’s scoring. The overall value of Alpha for the Index was 0.82 (on a scale of 0 to 1), indicating a 
high-level of internal consistency and hence reliability. Nevertheless, the statistics in Table 5.19 show that 
some of the individual Index components are not well correlated with the overall Index score (r < 0.3) and 
contribute little to internal consistency (R2 < 0.3).  Indeed, reliability (Alpha) for the Index as a whole 
would be unchanged or improve if these were removed (α ≥ 0.83). 
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Table 5.19: Component statistics for the reliability analysis of the Index’s internal consistency 
measured by Cronbach’s Alpha: component-total score correlation (r), squared multiple correlation 
(R2), Cronbach’s Alpha if component deleted (α); items in bold indicate poor performance 
Component r R2 α Component r R2 α 
Structure    Function    
TBA 0.71 0.60 0.79 RXT 0.11 0.23 0.82 
CCU 0.45 0.55 0.81 DWF 0.48 0.62 0.81 
CCL 0.67 0.67 0.79 DWD 0.67 0.75 0.80 
UCU 0.62 0.50 0.80 DWS 0.40 0.31 0.81 
UCL 0.22 0.20 0.82 SCD 0.56 0.59 0.81 
Composition    Habitats    
TSD 0.47 0.38 0.81 SHR 0.38 0.38 0.81 
ISA 0.59 0.51 0.80 SHG -0.09 0.11 0.83 
ISW 0.50 0.52 0.81 SHW -0.06 0.17 0.83 
FLT 0.19 0.31 0.82 SHP -0.02 0.13 0.83 
EPT 0.62 0.58 0.80 SHA 0.30 0.34 0.82 
From both the factor and reliability analyses, it is clear that certain of the index components are 
underperforming compared to the others and require investigation. Foremost amongst them are the 
subsidiary habitat components SHG, SHW and SHP, which explain little variation in the overall data and 
show poor correlations with the other components. However, this is likely due to the small number of 
glades (SHG), watercourses (SHW) and ponds (SHP) encountered: rides (SHR) were much more 
commonly recorded and SHR performs correspondingly better. Therefore, revision of the subsidiary 
habitats element of the Index, on the basis of rarity in this particular case study, is not warranted; however, 
it is prudent to note, when interpreting the Index results, that subsidiary habitats are very much ancillary to 
the main elements of compartment diversity and their scores should be considered in that context. 
The Index components FLT (field layer) and RXT (regeneration), both derived from DAFOR data, also 
require examination because their performance is rather poor, despite the good diagnostic power of the 
Protocol elements from which they were derived. It could be argued that the process of reducing several 
variables to just one is the cause of this reduced performance; however, EPT (epiphytes) was treated in 
the same way and performs well. Looking at the score distributions (Figures 4.15 & 4.16) shows FLT and 
RXT are unimodal, whilst EPT is linear; both the factor and reliability analyses use linear combinations of 
variables and hence handle unimodal ones poorly. A correspondence analysis of the Index data, which 
assumes unimodal responses, shows that FLT and RXT are not performing as poorly as the factor analysis 
indicated (Table 5.20). 
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Table 5.20: Correspondence analysis – cumulative fit (Cfit, % variance explained, scale 0 to 1) of 
each Index component on the first two ordination axes; unimodal components (e.g. FLT, RXT) 
show better fit than linear ones (e.g. ISA); rare components were down-weighted to reduce the 
influence of SHG, SHW and SHP 
Structure Cfit Composition Cfit Function Cfit Habitats Cfit 
TBA 0.24 TSD 0.04 RXT 0.58 SHR 0.13 
CCU 0.50 ISA 0.12 DWF 0.12 SHG 0.09 
CCL 0.51 ISW 0.09 DWD 0.19 SHW 0.97 
UCU 0.05 FLT 0.34 DWS 0.14 SHP 0.04 
UCL 0.38 EPT 0.36 SCD 0.02 SHA 0.37 
Of the remaining Index components, fallen (DWF) and standing (DWS) deadwood may explain little 
variation but they do correlate well with the other components and add to the internal consistency of the 
Index. It is probable that the small amount of deadwood encountered during the case study is responsible 
for the limited variation explained, and that handling of deadwood in the Index is, therefore, predominantly 
sound. Lower understorey cover (UCL) also explains little variation in the Index and is poorly correlated 
with the other components. However, it performs better when a unimodal distribution is assumed (Table 
5.20) and is an integral part of the recording of the other structure components; therefore, on balance, it 
should also be retained. 
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5.3 Discussion 
5.3.1 Protocol and Index revisions 
This chapter has so far demonstrated that, from an analysis of the case study data, the Protocol and Index 
are performing broadly as predicted, with the Protocol variables showing good diagnostic power and the 
Index components scoring biodiversity value appropriately. Nevertheless, a number of weaknesses in the 
design of the Protocol and Index were identified and suitable improvements suggested. Revised versions of 
the Protocol and Index may be found in the Appendix. 
For the Protocol, the main area identified for improvement was species recording, where it was suggested 
the time consuming identification of indicator species be replaced with counting the number of 
morphospecies present (i.e., MSN replaces ISA and ISW); whilst some woodland community information 
would be retained by identifying all the tree species present (i.e., TSN replaces TSD), with the consequent 
benefits of reducing the time required for the relascope sweep, and eliminating diversity calculations post-
survey. Some provisional Index scores for these two new variables are shown in Table 5.21, based on the 
maximum numbers of species found during the case study. 
Table 5.21: Index scores for the number of tree species (TSN), ground flora morphospecies (MSN) 
and classes of field layer (FCD) 
 Index score TSN MSN FCD 
0 0>2 0>3 ~ 
1 2>4 3>6 1 
2 4>6 6>9 2 
3 6>8 9>12 3 
4 8>10 12>15 4 
5 10> 15> 5 
For the Index, no major weaknesses were found with any components that could not be adequately 
explained and their retention, without modification, justified. However, the proposed modifications to the 
Protocol result in a reduction of the composition components from five to four, presenting an opportunity 
to address the weakest aspect of the Index: its treatment of the field layer. Structure class diversity worked 
well as a semi-derived variable describing stand structure beta-diversity throughout a compartment. Given 
the importance of the field layer, and the apparent loss of diagnostic information in the conversion of seven 
Protocol variables to a single Index component, an argument can be made to implement a similar semi-
derived variable for the field layer, to better represent it in the Index. By classifying the field layer at a 
sample point according to the dominant cover type, or combination of abundant cover types, it is possible 
to count the number of different classes of field layer present in a compartment, and hence its field layer 
class diversity (FCD). 
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Applying this methodology to the case study data resulted in the identification of 36 classes of field layer, 
plus an extra class in which no one element was either dominant or abundant; however, it is not the 
absolute number of classes identified, rather the relative number found in a compartment that is important. 
For the case study data, the maximum number of classes found by this method in one compartment was 
six. Table 5.22 shows summary statistics for FCD after calculating its Index score according to the scheme 
in Table 5.21; they are within the range of the other Index components. Recalculation of the factor and 
reliability analyses gives no change in the overall results but the variance explained and internal consistency 
statistics (communality = 0.34, r = 0.24, R2 = 0.54, α = 0.82) suggest FCD is performing adequately and 
should form part of the revised Index (see Appendix). 
Table 5.22: Summary statistics for the proposed field layer class diversity Index component  
Variable Min. Max. Mean (s.e.) Std. dev. Skewness Kurtosis 
FCD 0 5 1.85 (0.09) 1.19 -1.35 0.75 
5.3.2 Sample point number 
One further area in which the Protocol could potentially be refined, that has not yet been considered, is 
the number of sample points surveyed per compartment. The sampling scheme devised for the Protocol in 
Chapter 3 was: one sample point for compartments less than 1 ha, five for compartments from 1 to 5ha, 
and ten for compartments of 5 ha or greater. In the case study, this resulted in 59 compartments being 
sampled with one sample point, 107 with five, and just 12 with ten. As envisaged, using just one sample 
point for small compartments (< 1ha) prevented over-sampling; however, using ten sample points for large 
compartments (5ha >) required twice the survey effort for little perceived benefit, particularly when a 
compartment was only just over 5 ha. 
In order to investigate the value of the extra data gathered by using ten instead of five sample points for 
compartments of 5 ha or greater, an analysis of variance was conducted to examine the compartment data 
calculated from all ten sample points with that calculated from just five of them, randomly selected. Table 
5.23 presents the results of that analysis, and it is clear that for large compartments (> 5 ha) the extra five 
sample points do not make any significant difference to the overall compartment data, with the sole 
exception of SCD. Given the extra time required to record ten over five sample points, it is therefore 
prudent to modify the Protocol such that compartments less than 1 ha should have one sample point, and 
compartments of 1 ha or greater should have five. 
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Table 5.23: Protocol variable means for compartments of 5ha or greater using data from all 10 
sample points (10 Sp) or just five randomly selected (5 Sp); analysis of variance was used to 
determine whether the differences in mean values (Diff.) were significant (p); this was only the case 
for SCD indicating the limited value of the extra sample points 
Variable 10 Sp 5 Sp Diff. p Variable 10 Sp 5 Sp Diff. p 
TBA 34.07 33.87 0.20 0.97 FLM 1.96 1.83 0.13 0.72 
CCU 23.00 24.17 1.17 0.89 FLW 2.67 2.67 0.00 1.00 
CCL 34.58 35.17 0.58 0.94 EPL 0.83 0.92 0.08 0.85 
UCU 38.75 40.50 1.75 0.68 EPM 1.79 1.75 0.04 0.93 
UCL 25.08 26.33 1.25 0.77 EPV 0.46 0.58 0.13 0.72 
TSD 0.85 0.87 0.03 0.82 RSE 0.33 0.25 0.08 0.73 
ISA 2.33 1.75 0.58 0.29 RSA 1.17 1.25 0.08 0.84 
ISW 8.83 6.42 2.41 0.10 RYT 2.25 2.25 0.00 1.00 
FLB 1.33 1.58 0.25 0.69 DWF 2.31 2.32 0.01 0.99 
FLF 0.71 0.58 0.13 0.79 DWD 2.00 1.67 0.33 0.43 
FLG 0.21 0.25 0.04 0.89 DWS 2.07 2.33 0.27 0.71 
FLH 1.71 1.67 0.04 0.94 SCD 3.50 2.67 0.83 0.03 
FLL 4.25 4.25 0.00 1.00      
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5.3.3 Index factor analysis revisited 
In the factor analysis of the Index (EFA2, Subsection 5.2.2) the structure matrix was not discussed, as it 
was not directly relevant to validating the Index. Nevertheless, it warrants some examination because the 
extracted axes differentiate between woodland types in a rather different way to the Protocol factor 
analysis (EFA1, Subsection 5.1.1). At first glance, axes 1 and 2 of EFA2 appear to show the same mature vs. 
newly planted split found in EFA1; however, closer examination of the component loadings suggests that 
this is not the case (Table 5.24). In particular, although the mature vs. new structural differences remain, 
this is not reflected in the indicator species or field layer, where both axes show similar correlations. This 
would tend to rule out new planting as the main driver behind axis 2, leaving regenerating stands a more 
likely explanation. Therefore, it appears the Index is detecting differences between compartments that may 
result from WGS management, something that is investigated further in the next Chapter. 
Table 5.24: Correlation coefficients of Index components with the extracted axes of variation 
(principal components, direct oblimin rotation, structure matrix only shown); strong (≥±0.6) 
correlations in bold, moderate (≥±0.4) in italics 
Variable Axis 1 Axis 2 Variable Axis 1 Axis 2 
TBA 0.80 0.32 RXT 0.03 0.46 
CCU 0.74 -0.28 DWF 0.46 0.25 
CCL 0.88 0.06 DWD 0.64 0.41 
UCU 0.69 0.33 DWS 0.45 0.10 
UCL 0.17 0.55 SCD 0.50 0.58 
TSD 0.58 0.14 SHR 0.37 0.49 
ISA 0.54 0.56 SHG -0.10 -0.02 
ISW 0.42 0.57 SHW 0.04 -0.31 
FLT 0.17 0.23 SHP 0.00 -0.08 
EPT 0.72 0.07 SHA 0.26 0.66 
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6 Analysis: Aim 2 
Chapter 5 analysed the data from the case study with a view to validating and refining the Protocol and 
Index, addressing Aim 1 of the thesis. Chapter 6 uses that data to address Aim 2 by examining the effects 
of WGS management on the case study woodlands, as well as investigating the value for money offered by 
the Scheme. The current targeting mechanisms for the WGS are also evaluated, using a dataset for the 
entire county. 
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6.1 Effects of WGS management 
6.1.1 Introduction 
It has been established in the previous chapter that the Protocol and Index are capable of providing valid 
information about the structural, compositional and functional diversity of a woodland compartment. 
However, to be truly useful as a methodology for monitoring and evaluating the WGS, the Protocol and 
Index must be able to detect and assist in the interpretation of management driven change. Chapter 3 
discussed the expected responses of woodland to different types of management (summarised in Tables 
3.7 & 3.31); therefore, testing those predictions with the case study data will allow this ability of the 
Protocol and Index to be assessed. Re-sampling the surveyed woods or using paired control woods was 
not possible in the case study; therefore, the analysis will rely upon modelling relationships between the 
extent of each management activity and the resulting structural, compositional and functional features of 
the woods in question. Because the woods in the case study were a completely random sample, each with 
a unique and largely unknown historic and geographic context predating the current WGS management, it 
is not expected that all of the predicted relationships will be observed; however, those that are should 
indicate the ability of the WGS to affect change at the landscape level, as well as the ability of the Protocol 
and Index to detect that change. 
6.1.2 Management data 
The management data for each surveyed compartment was obtained from its WGS agreement contract, 
where it is presented in the format described in Table 6.1, below. The proposed work codes are as 
follows: AM – annual management; EN – existing regeneration; F – felling; FC – coppicing; NB/NP – new 
planting; OL – other land (outside contract); RN – natural regeneration; RP – replanting; TH – thinning; 
WO – Woodland Improvement Grant. Planting year is primarily for new planting and but the approximate 
year a wood was planted may be included. Species describes the species to be planted or those to be 
managed; often it is vague (e.g. NBL for native broadleaves) but it can be more specific, e.g. to describe 
thinning of trees of a particular species only. Area and grant % are straightforward and ‘DP applies’ 
indicates whether a discretionary payment (detailed in the ‘grants payable’ section) is available for 
regeneration. ‘Supplement’ primarily indicates which new planting supplements are available (BLS – better 
land supplement; CWS – community woodland supplement) but also indicates WIG items. 
Table 6.1: Format of management data in WGS agreement contracts; compartment number, total 
area, grant rates, details of work and any designations are also given. 
Proposed work Planting year Species Area (ha) Grant % DP applies Supplement 
AM/EN/F/FC 
NB/NP/OL/RN 
RP/SF/TH/WO 
Historic or 
planned 
Existing 
or planned 
To be 
worked 
Typically 
100% Yes or blank 
WIG/BLS 
CWS 
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In order to analyse the data, it was necessary to make some modifications, so that the main forestry 
operations were clearly defined, and to deal with occasional inconsistencies in the use of the work codes. 
Mostly, this concerned the operations of felling, selective felling and thinning, which are used somewhat 
interchangeably, and their relationship to replanting and natural regeneration. Selective felling was 
reclassified as either felling or thinning on a case-by-case basis, and some felling that could be more 
accurately described as thinning was also reclassified accordingly. Because felling and regeneration or 
replanting are so inextricably linked, it was decided to combine them into two new work codes: FP - felling 
and replanting; and FN – felling and natural regeneration; however, replanting and regeneration did not 
always coincide with felling, typically due to either a felling licence not being required or the area already 
having been ‘felled’ by damage. Therefore, felling without explicit replanting or regeneration was coded FN, 
because the gap will tend fill naturally whether encouraged or not, whilst felling was assumed for replanting 
or regeneration where it was not explicit. 
For the purposes of the main analysis, FP and FN were combined into another new work code FR to 
reduce the number of management regimes. Of the remaining work codes, annual management (AM) and 
Woodland Improvement Grant (WO) were discounted from the analysis because the work they ‘pay’ for 
is predominantly described by other work codes; other land (OL) was not included in the survey; all new 
planting (NB or NP) was coded as NP because none was coniferous; whilst thinning (TH), coppicing (FC) 
and existing regeneration (EN) were included without modification. The number of compartments with 
each combination of work codes is shown in Table 6.2. 
Table 6.2: Number of compartments with each combination of main management regimes; the 
‘design’ is unbalanced and not all possible combinations are found; there are 178 compartments in 
total 
Management No. cpts Management No. cpts Management No. cpts 
FC 40 FC+FR 20 FC+FR+TH 6 
FR 13 FC+TH 7 FC+TH+EN 4 
TH 17 FR+TH 3 NP 28 
EN 12 FR+EN 3 None 25 
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6.1.3 Protocol 
Modelling approach 
Generalised additive mixed modelling (GAMM) was chosen to examine the relationships between the 
WGS management and Protocol data. A mixed modelling approach was used because new planting, 
coppicing and high forest (i.e. felling and replanting/regeneration) represent fundamentally different 
management regimes that do not necessarily overlap: for example, extensive felling and replanting cannot 
occur in coppice woodland. This presents a problem for standard modelling techniques because a wood 
that has been completely coppiced (100% cut) could have a very similar structure to one that has not been 
coppiced (0% cut) but is newly planted or recently felled, i.e. the management effect (fixed, of interest) is 
confounded by the woodland type (random effect). Mixed models allow the inclusion of these random 
effects, which are modelled alongside the fixed ones, maintaining the key assumption that the predictor 
variables are independent (Wood, 2006). 
The gamm procedure in the mvcp package of R2 was used to analyse the relationship between the 
management and Protocol data, according to the following model: 
gamm(fixed = pvar ~ s(fc) + s(fr) + s(th) + s(en), random = 
list(type=~1), family = gaussian, data = pro_man) 
where pvar was the Protocol variable under investigation, fc was the % of the compartment coppiced, 
fr the % felled and replanted/regenerating, th the % thinned, and en the % of existing regeneration. 
Woodland type was either new, coppice or high forest; normal (gaussian) distribution was assumed; 
and default gamm settings were satisfactory. Just main effects were included in the model because the only 
potentially important interaction term FC+FR (see Table 6.2) was found to be non-significant in 
preliminary runs.  New planting was not included as a fixed effect because it was exactly equal to the ‘new’ 
component of the woodland type random effect. Additional random effects (e.g. compartment age, size, 
management year) were not included in the model because of the way the gamm procedure nests them: it 
would have resulted in a number of small and empty categories of compartments, giving an unbalanced and 
less reliable model. The results of the analysis are summarised in Table 6.3 and discussed below. 
                                                          
2 See http://www.r-project.org/ 
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Table 6.3: Significance of modelled relationships between Protocol variables and WGS management 
operations; the forms of significant relationships (p < 0.05) are plotted in Figures 6.1 to 6.4 
Protocol 
variable 
Coppicing Felling and 
replanting 
Thinning Existing 
regeneration 
Structure     
TBA 0.027 * 0.044 * 0.261  0.030 * 
CCU 0.463 <0.001*** 0.457 <0.001*** 
CCL 0.071 . 0.039 * 0.801 0.008 ** 
UCU 0.082 . 0.216 0.004 ** 0.683 
UCL 0.229 0.031 * 0.980 0.029 * 
Composition     
TSD 0.002 ** 0.802 0.053 . 0.641 
ISA 0.031 * 0.075 . 0.379 0.312 
ISW 0.215 0.068 . 0.408 <0.001*** 
FLB 0.069 . 0.483 0.007 ** 0.794 
FLF1 0.209 0.190 0.284 0.245 
FLG 0.031 * 0.805 0.843 0.344 
FLH 0.599 0.003 ** 0.006 ** 0.027 * 
FLL 0.096 . 0.184 0.779 0.870 
FLM 0.746 0.723 0.156 0.651 
FLW 0.066 . 0.012 * 0.289 0.547 
EPL 0.570 0.014 * 0.642 0.475 
EPM 0.656 0.051 . 0.053 . 0.180 
EPV 0.054 . 0.027 * 0.395 0.089 . 
Function     
RSE 0.008 ** 0.932 0.054 . 0.382 
RSA 0.426 0.200 0.063 . 0.458 
RYT 0.095 . 0.227 0.123 0.002 ** 
DWF 0.338 0.623 0.849 0.619 
DWD 0.021 * 0.490 0.350 0.010 * 
DWS1 0.191 0.353 0.691 0.364 
SCD 0.002 ** 0.071 . 0.301 0.034 * 
1 gam used instead of gamm due to convergence problem; model identical except for exclusion of 
type 
Significance: *** <0.001; ** <0.01; * <0.05; . <0.1 
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Coppicing 
The cyclical cutting of coppice woodland was predicted to have little effect on the canopy (CCU, CCL) 
and no overall effect on the understorey (UCU, UCL), and this appears to be the case; however, there are 
borderline significant decreases for CCL and UCU but these are probably due to the reintroduction of 
management to stored coppice woodlands, as indicated by the number of WIG payments in the case study 
sample. Indeed, the small decrease in basal area (TBA), as predicted and observed, provides further 
evidence for this. 
Regarding woodland composition, the expected (temporary) decrease in tree species diversity (TSD) was 
observed, and its asymptotic nature fits with the notion of removing a limited sub-set of tree species. 
Likewise, the predicted increase in ancient woodland indicator species (ISA) was also observed, and the 
unimodal response fits with the notion of well-managed coppice (i.e. not all cut at once) supporting the 
most species. Unexpectedly, however, a similar relationship with woodland NVC indicator species (ISW) 
was not found, although this may be due to the majority of Kent coppice woodland being ancient. 
Epiphytes were generally unaffected by coppicing, as predicted, although there was a small, borderline 
significant decrease for vascular epiphytes (EPV), again probably due to the reintroduction of management 
in many cases. The field layer response, however, is generally not as predicted: only graminoids (FLG) 
showed the expected increase, with woody species (FLW) showing an increasing trend; and none of the 
expected decreases were found, although leaf litter (FLL) did show a tendency in that direction. It would 
seem, therefore, that averaged over a set of coppice compartments (each managed uniquely) the response 
of the field layer to coppicing is not as strong as was predicted. 
Regeneration is by coppice re-growth, however seedlings (RSE) were predicted to increase following 
cutting, and this is found to be the case. Saplings and young trees do not form a major part of the coppice 
woodland habitat and coppicing was predicted to have little effect, as observed. It is notable, however, that 
there is a tendency for young trees (RYT) to decrease, perhaps as stored coppice is managed. Fallen 
deadwood does not show the expected increase in volume (DWF) with coppicing but the increase in size 
diversity (DWD) is apparent. The unimodal response suggests, not unsurprisingly, that coppice cutting 
tends to produce deadwood of a limited size range. Standing deadwood (DWS) does not show a decrease 
with coppicing, although a strong response was not expected given the limited opportunity for its 
formation in coppice woodland. Structure class diversity (SCD), however, did show the expected increase 
with coppicing, and the unimodal response was predictable. 
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Figure 6.1: Response of Protocol variables to coppice management; all relationships are significant at 
p < 0.05 level except for EPV where p = 0.054 (TBA –tree basal area, TSD – tree species diversity, 
ISA – ancient woodland indicator species, FLG – field layer graminoids, EPV – vascular epiphytes, 
RSE – tree seedlings, DWD – deadwood size diversity, SCD – structure class diversity) 
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Felling and restocking 
Felling and the subsequent replanting or regeneration of trees was predicted to have a pronounced 
negative effect on woodland structure other than the understorey, where an increase in cover was 
expected. Aside from the upper understorey (UCU), all of these relationships were found, although it is 
notable that their form is almost exponential, indicating small-scale felling has little impact on a 
compartment’s overall structure. The lack of a relationship with UCU is perhaps just coincidental, with the 
typical degree of re-growth following felling matching the usual upper understorey cover in mature 
woodland. If more replanted compartments were at the stem-exclusion stage, then the predicted positive 
relationship might have been apparent. 
Felling a compartment was predicted to cause a very significant reduction in tree species diversity (TSD), 
particularly given the use of relascope data (young trees are too small to be counted); however, this 
relationship was not found. The explanation for this also rests with the use of relascope data: at low to 
moderate levels of felling, sufficient trees would have remained within the relascope sweep to be counted 
and give a diversity score, obscuring the predicted decrease. Furthermore, just eight compartments were 
felled 50% or more (and only two completely), making detection of the predicted trend unlikely. Indicator 
species were predicted to increase with felling but whilst woodland NVC species (ISW) did show an 
increasing trend, ancient woodland species (ISA) showed a negative one. The latter is particularly counter-
intuitive but explainable by the tendency for the most species rich ancient woodland in Kent to be coppice. 
As with coppice management, felling and replanting did not produce the strong field layer responses that 
were predicted: only herbaceous (FLH) and woody plants (FLW) showed the expected increases, and 
none of the decreases were found. Again, this is probably due to the small number of extensively felled 
compartments, although the strength of the herbaceous response may also be relevant (i.e. increasing at 
the expense of other field layer components). Epiphytes all showed the predicted declines with felling, 
although the initial increases for lichens (EPL) and mosses (EPM) are somewhat unexpected. A possible 
explanation is that small scale felling (<20%) under the WGS is more for thinning purposes than timber 
production, resulting in younger trees with fewer epiphytes being removed, causing a relative increase in 
epiphyte abundance. The somewhat interchangeable use of felling, selective felling and thinning in WGS 
contracts would tend to support this view. 
Woodland function (regeneration and deadwood) does not show any significant relationships with felling 
and replanting, which is quite unexpected; only structure class diversity (SCD) shows a trend in the 
expected (negative) direction. The reason behind this for regeneration would again appear to be the 
extensively felled (>50%) compartments, which are nearly all natural regeneration and do not appear to 
have reached the stocking densities assumed in the predictions. As for deadwood, it would seem little 
effort was put into its retention or, at best, that none was retained above the level generally encountered; 
at least the expected decrease in standing deadwood was not apparent, suggesting it was being retained 
where present. 
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Figure 6.2: Response of Protocol variables to felling and restocking; all relationships are significant at 
p < 0.05 level except for EPM where p = 0.051 (TBA – tree basal area, CCU – upper canopy cover, 
CCL – lower canopy cover, UCL – lower understorey cover, FLH – field layer herbs, FLW – field 
layer woody plants, EPL – epiphytic lichens, EPM – epiphytic mosses, EPV – vascular epiphytes) 
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Thinning 
The effect of thinning on woodland structure was only predicted to be slight, and if detectable, it was 
expected to be negative. Only the upper understorey showed a significant relationship, and it was as 
predicted. Similarly, the effect on composition was also predicted to be marginal but there were some 
interesting findings from the case study. Tree species diversity (TSD) was assumed to be affected by 
thinning but the direction of that effect could not be predicted. For this set of woodlands, a decreasing 
trend is apparent, of a similar magnitude to that found with coppicing. The bare ground component of the 
field layer was predicted to increase with thinning due to disturbance, particularly if extensive: this is found 
to be the case. Herbs in the field layer (FLH) were predicted to increase with thinning, and a positive 
response, of a smaller magnitude than for felling and replanting, was found. Again, as with felling, the other 
expected field layer changes were not apparent, suggesting that the herbaceous one is most important. 
Regarding epiphytes, no effect was predicted or found; however, there was a small trend for mosses (EPM) 
to decrease, perhaps due to competition with herbs. Thinning was also predicted to have relatively minor 
effects on woodland function but no significant relationships were found: only the lack of a relationship 
with structure class diversity (SCD) was as predicted. Nevertheless, seedlings (RSE) and saplings (RSA) 
both showed increasing trends, as predicted; and the lack of a relationship with young trees (RYT) is 
probably due to the range of reasons thinning was carried out (i.e. not necessarily to improve the timber 
crop). As with felling, deadwood was not affected, probably for similar reasons. 
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Figure 6.3: Response of Protocol variables to thinning; all relationships are significant at p < 0.05 
level except for TSD and EPM where p = 0.053, and RSE where p = 0.054 (UCU – upper 
understorey cover, TSD – tree species diversity, FLB – field layer bare ground, FLH – field layer 
herbs, EPM – epiphytic mosses, RSE – tree seedlings) 
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Existing regeneration 
Specific predictions for the effect of existing regeneration were not made in Chapter 3 because it is 
essentially a special case of felling and replanting, just at a more mature stage than the maximum of five 
year’s growth achievable within a single WGS contract period. Therefore, the effects of existing 
regeneration ‘management’ were considered against the felling and replanting predications. 
The structure of existing regeneration differs markedly from mature high forest, as predicted, with basal 
area (TBA) and canopy cover (CCU, CCL) both decreasing, and lower understorey cover (UCL) 
increasing. Only the predicted increase in upper understorey cover (UCU) was not found; however, this 
was not found for felling either. Regarding woodland composition, the effects of existing regeneration are 
similar to those of felling but not as marked, which is to be expected, as the re-growth is rather more 
mature; however, the strong increase in herbs in the field layer (FLH) is still apparent, and a strong increase 
in woodland NVC indicator species (ISW), rather than the small trend with felling, was also found. The 
lack of a relationship with epiphytes is the biggest difference from felling but it is explained by the greater 
age of the re-growth. 
The effects on woodland function are also fairly similar to felling, the most notable exception being the 
predictable increase in young trees (RYT). There are no relationships with seedlings (RSE) and saplings 
(RSA), although these are not necessarily expected for existing regeneration, and deadwood is unaffected 
other than an increase in deadwood size diversity (DWD), although this may be related to most of the 
existing regeneration dating from the 1987 storm. Structure class diversity is notably different from felling, 
showing a unimodal increase instead of a decreasing trend; however, given that the main stages of re-
growth represent different structure classes, this is to be expected. 
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Figure 6.4: Response of Protocol variables to existing natural regeneration; all relationships are 
significant at p < 0.05 level (TBA – tree basal area, CCU – upper canopy cover, CCL, lower canopy 
cover, UCL – lower understorey cover, ISW – woodland NVC indicator species, FLH – field layer 
herbs, RYT – young trees, DWD – deadwood size diversity, SCD – structure class diversity) 
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New planting 
The relationship between new planting and the Protocol variables was analysed using logistic regression via 
the glm procedure in R, according to the following function: 
glm(pvar ~ new, family = gaussian, data = pro_man) 
where pvar was the Protocol variable under investigation, new was a boolean variable indicating new 
planting, a normal (gaussian) distribution was assumed, and the default glm settings were satisfactory. 
A mixed model approach was deemed unnecessary because of the obvious, extensive differences between 
new planting and other woodland types. The results of the analysis are shown in Table 6.4, and it should 
be noted that the strength of the new planting response is particularly remarkable because the similarity of 
recently felled or coppiced compartments was not accounted for in the model. 
As expected, almost all of the structural, compositional and functional elements of woodland diversity 
were lower in newly planted woodlands than in established ones.  Only ferns (FLF) did not show the 
negative relationship expected, due to the occurrence of bracken in two newly planted compartments, 
although the relationship with bare ground (FLB) was weaker than expected. Of the positive relationships 
predicted, only field layer graminoids (FLG), herbs (FLH) and saplings (RSA) were found: upper and lower 
understorey cover (UCU, UCL) were not. Indeed, negative relationships were found for the understorey, 
suggesting that the growth of most of the new planting was not as great as expected, probably because 
most of the compartments had only been planted for three years or less. 
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Table 6.4: Logistic regression of Protocol variables against new planting; R2 and its error give an 
indication of model fit, whilst the T value indicates the slope 
Protocol 
variable 
Estimated 
R2 
Standard 
Error 
T value P value 
Structure     
TBA -30.47 2.63 -11.57 <0.001 *** 
CCU -28.91 3.58 -8.08 <0.001 *** 
CCL -37.78 3.28 -11.52 <0.001 *** 
UCU -32.71 3.06 -10.70 <0.001 *** 
UCL -7.45 2.47 -3.02 0.003 ** 
Composition     
TSD -0.71 0.07 -10.31 <0.001 *** 
ISA -1.32 0.22 -6.06 <0.001 *** 
ISW -3.31 0.50 -6.57 <0.001 *** 
FLB -0.54 0.28 -1.93 0.055 . 
FLF -0.30 0.21 -1.46 0.146 
FLG 3.71 0.32 11.68 <0.001 *** 
FLH 1.70 0.29 5.80 <0.001 *** 
FLL -3.48 0.30 -11.72 <0.001 *** 
FLM -1.24 0.22 -5.72 <0.001 *** 
FLW -2.32 0.27 -8.45 <0.001 *** 
EPL -0.57 0.15 -3.81 <0.001 *** 
EPM -1.34 0.22 -6.06 <0.001 *** 
EPV -0.73 0.22 -3.35 <0.001 *** 
Function     
RSE -0.51 0.19 -2.65 0.009 ** 
RSA 1.01 0.24 4.20 <0.001 *** 
RYT -0.54 0.26 -2.05 0.042 * 
DWF -1.62 0.37 -4.34 <0.001 *** 
DWD -1.30 0.17 -7.59 <0.001 *** 
DWS -1.13 0.24 -4.78 <0.001 *** 
SCD -1.13 0.21 -5.42 <0.001 *** 
Significance: *** <0.001; ** <0.01; * <0.05; . <0.1 
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6.1.4 Index 
Modelling approach 
The Index scores for a compartment are essentially rescaled Protocol values; therefore, it was not prudent 
to conduct an analysis of each Index score against each management operation. Instead, the effects of 
management on the composite Index scores (structure, composition, function, habitats) were analysed. As 
for the Protocol data, a generalised additive mixed modelling approach was taken, using the gamm 
procedure in the mvcp package of R. The model used was as follows: 
gamm(fixed = ivar ~ s(fc) + s(fr) + s(th) + s(en), random = 
list(type=~1), family = gaussian, data = pro_ind) 
where ivar was the composite Index score under investigation, fc was the % of the compartment 
coppiced, fr the % felled and replanted/regenerating, th the % thinned, and en the % of existing 
regeneration. Woodland type was either new, coppice or high forest; normal (gaussian) distribution 
was assumed; and default gamm settings seemed satisfactory. As before, only main effects were included in 
the model, and new planting was excluded. After running the initial model, it was decided to include an 
additional random effect - the area weighted mean year a compartment was managed in (year): 
gamm(fixed = ivar ~ s(fc) + s(fr) + s(th) + s(en), random = 
list(year=~type), family = gaussian, data = pro_ind) 
This was included in an attempt to account for any initial negative effects of management, and allow longer-
term improvements, if any, to be detected.  The results of the analysis are shown in Table 6.5 and 
significant relationships plotted in Figures 6.5 and 6.6. 
Table 6.5: Significance of modelled relationships between composite Index scores and WGS 
management operations; the forms of significant relationships (p < 0.05) are plotted in Figures 6.5 
and 6.6 
Protocol 
variable 
Coppicing Felling and 
replanting 
Thinning Existing 
regeneration 
Type     
Structure 0.007 ** 0.018 * 0.047 * 0.189 
Composition 0.299 0.356 0.262 0.444 
Function 0.018 * 0.516 0.551 0.048 * 
Habitats 0.725 0.165 0.213 0.708 
Index 0.013 * 0.188 0.046 * 0.948 
Type and Year     
Structure <0.001 *** 0.189 0.746 0.179 
Composition <0.001 *** 0.086 . 0.123 0.575 
Function <0.001 *** 0.825 0.346 0.055 . 
Habitats 0.406 0.757 0.293 0.778 
Index <0.001 *** 0.259 0.418 0.889 
Significance: *** <0.001; ** <0.01; * <0.05; . <0.1 
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Figure 6.5: Response of Index scores (STR – structure, FUN – function, IND – overall Index) to 
different WGS management activities; all relationships are significant at the p < 0.05 level 
 
6.1 Effects of WGS management 
178 
0 20 40 60 80 100
-8
-4
0
4
% Coppiced
ST
R
 R
es
po
ns
e
0 20 40 60 80 100
-4
-2
0
2
4
% Coppiced
C
O
M
 R
es
po
ns
e
0 20 40 60 80 100
-2
0
2
4
% Coppiced
FU
N
 R
es
po
ns
e
0 20 40 60 80 100
-2
0
2
4
% Existing regen
FU
N
 R
es
po
ns
e
0 20 40 60 80 100
-1
5
-5
5
% Coppiced
IN
D
 R
es
po
ns
e
 
Figure 6.6: Response of Index scores (STR – structure, COM – composition, FUN – function, IND – 
overall Index) to different WGS management activities, taking mean year of management into 
account; all relationships are significant at the p < 0.05 level, except FUN where p = 0.055 
Management effects 
With the initial run of the model, using only type as a random effect, very few of the predicted 
relationships with management were found: subsidiary habitats (HAB) were independent of management, 
as expected; and existing regeneration, but not felling and replanting, showed a linear increase with 
function (FUN). Unexpectedly, negative effects were found for: structure (STR) with coppicing, felling and 
thinning; for function (FUN) with thinning and coppicing; and for the overall Index (IND) with coppicing 
and thinning. None of the other positive effects were found. The reason for this was thought to be the 
recentness of much of the management activity (38% <3 years) not allowing sufficient time for the 
expected benefits of management to become apparent. For example, the herbaceous plant community 
requires a year or more to respond to the changed light regime following coppicing, whilst the coppice 
itself will need a few years to re-establish an understorey layer; surveying a year after coppicing may show 
quite negative effects (reduced structure, no field layer improvement) but after a few years, the positive 
effects (increased field layer and structural diversity) will become apparent. Therefore, the model was run 
a second time including the area-weighted mean year of management as a further random effect (see 
above). 
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The second model, using both type and year as random effects, also found relatively few relationships 
with management; however, those that were found did follow the form predicted. Interestingly, all of the 
significant relationships (p<0.05) were found with coppicing: structure, composition, function and the 
overall Index all increased unimodally, as predicted. The only other borderline relationship (p<0.055) was 
a linear increase of function with existing regeneration, as found in the first model. Therefore, it would 
appear that whilst moderate coppicing does benefit woodland biodiversity, higher levels do not and neither 
does felling and replanting (including existing regeneration, apart from a small functional effect) or thinning. 
Of course, the fact that felling and thinning do not decrease woodland biodiversity is also an important 
result, with the potential implication that WGS management other than coppicing serves to maintain 
biodiversity. 
New planting 
The relationship between new planting and the composite Index scores was analysed using logistic 
regression via the glm procedure in R, according to the following function: 
glm(ivar ~ new, family = gaussian, data = ind_man) 
where ivar was the composite Index score under investigation, new was a boolean variable indicating 
new planting, a normal (gaussian) distribution was assumed, and the default glm settings were 
satisfactory. A mixed model approach was deemed unnecessary because of the obvious, extensive 
differences between new planting and other woodland types. The results of the analysis are shown in 
Table 6.6, and demonstrate all of the predicted negative relationships with management. Notably, the 
slope (and significance) of the relationship with subsidiary habitats is much less than for the other 
relationships. This is due to the effort that has been made to create such habitats within new 
compartments (4 glades, 7 watercourses, 4 ponds and 9 rides for 28 compartments) and perhaps also due 
to the optimal location of some new planting (12 planted next to existing woodland). 
Table 6.6: Logistic regression of Index scores against new planting; R2 and its error give an indication 
of model fit, whilst the T value indicates the slope 
Protocol 
variable 
Estimated 
R2 
Standard 
Error 
T value P value 
Structure -12.28 0.90 -13.69 <0.001 *** 
Composition -7.13 0.54 -13.24 <0.001 *** 
Function -3.83 0.56 -6.84 <0.001 *** 
Habitats -1.58 0.53 -3.01 0.003 ** 
Index -24.82 1.76 -14.07 <0.001 *** 
Significance: *** <0.001; ** <0.01; * <0.05; . <0.1 
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6.2 Value for money 
6.2.1 Agreement costs 
The WGS does not pay for management activities in an entirely straightforward way: fixed grants are made 
for certain activities (new planting, replanting), variable discretionary payments are made for others 
(regeneration – new or existing), some grants are negotiated individually (Woodland Improvement 
Grants), and one fixed grant is paid almost automatically for a wide range of reasons (annual management). 
This flexibility of the grant regime makes it difficult to determine exactly how much each agreed 
management activity in a compartment costs, particularly where coppicing, thinning and small-scale felling 
are concerned: explicit grants do not exist and these activities are typically paid for via annual management 
or Woodland Improvement Grants. Furthermore, activities with fixed costs can be supplemented by WIG 
payments. Therefore, assessing the value for money provided by the WGS is difficult, even with the full 
contract data, because of the inherent complexity of many agreements and the limited breakdown of 
activity by cost. 
In order to overcome these problems and investigate the value for money offered by the WGS, a two-
stage analysis was conducted. Firstly, for the entire case study dataset, overall compartment costs were 
analysed against Index scores to determine whether compartments with more expensive WGS activities 
offered greater biodiversity benefit (i.e. higher Index scores), and therefore value for money, than less 
expensive compartments. Secondly, a more detailed analysis was conducted for a number of specific 
activities and grants where the costs could be determined: new planting, regeneration versus replanting, 
Woodland Improvement Grants and, indirectly, coppicing. 
As an overview, a summary of the costs of each of the paid activities for the surveyed case study 
compartments is presented in Figure 6.7 and Table 6.7, below. The most obvious result from this 
examination of agreement costs is that new planting is so much more expensive than the other activities. 
This is expected from the grant rates but it is still notable that, in a sample of 50 randomly selected 
agreements, new planting accounts for 37% of the total cost but only 9% of the area under agreement, 
questioning its value for money. Annual management is the next most expensive, accounting for 30% of the 
cost but representing 71% of the area under agreement, suggesting it may offer good value for money, as 
indicated by it having the lowest cost per hectare. The cost of WIGs is on a par with annual management 
but covers just 12% of the area under agreement. Nevertheless, the nature of the work carried out and 
the fact that it represents just 50% of the cost of the work, suggests that it may offer value for money 
despite having the second highest cost per hectare. The replanting and regeneration grants (EN, RN, RP) 
are on a par with each other, with costs per hectare between annual management and WIGs. However, 
because of the small areas in the case study, they represent a small proportion of the total cost (1-7%) and 
may have little effect on value for money. 
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Figure 6.7: Agreement costs by compartment for the directly ‘paid’ activities - it is notable that most 
compartments are at the lower end of the cost scale; replanting is hatched; annual management, 
existing regeneration, replanting/regeneration, use £100 categories, whilst new planting, WIG and 
Total use £250 
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Table 6.7: Summary of WGS costs per compartment by activities ‘paid’ for; more intensive activities 
(e.g. WIG, RN/RP) cost more than less intensive ones (i.e. AM); it is notable that new planting is 
much more expensive than the arguably similarly intense WIG, although WIG payments only 
represent 50% of the costs whereas NP is ~100% funded 
Statistic AM EN NP RN RP WIG Total 
Number of compartments 128 12 28 15 15 36 178 
Total area (ha) 279 23 34 14 4 46 391 
Minimum cost (£) 12 32 390 5 26 35 0 
Maximum cost (£) 2,100 3,575 9,880 3,234 1,050 7,730 9,880 
Mean cost (£) 377 1,095 2,491 635 160 1,193 1,045 
Mean cost (£ha-1) 178 739 1,788 647 675 928 476 
Total cost (£) 48,249 13,143 69,747 9,532 2,399 42,965 186,074 
6.2.2 Overall value 
In order to investigate the relationship between the cost of WGS management and the Index score of a 
compartment, and hence give some indication of the overall value for money achieved, a generalised 
additive modelling approach was used. This did not require assumptions to be made on the form of the 
relationship (i.e. function selection) and was therefore preferable to linear methods (see Section 5.1.4). 
The following model was analysed using the gam function in the mgcv package of R: 
gam(index ~ s(cost), family = gaussian, data = ind_cost) 
where index was the compartment Index score, cost was the log-transformed compartment cost, a 
normal (gaussian) distribution was assumed, and the default gam settings were satisfactory. 
Compartment cost was log-transformed because of its highly skewed distribution (see Figure 6.7), and four 
compartments with no WGS payment (or work) associated were removed. A significant relationship 
(p<0.001) was found, with the highest Index scores at moderate costs (Figure 6.8). This would appear to 
indicate that increasing WGS costs eventually result in a decrease in biodiversity, and hence offer poor 
value for money; however, the most costly compartments are nearly all new planting with low biodiversity, 
whilst coppicing, which tends to increase biodiversity, is often paid for via annual management (i.e. low 
cost). 
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Figure 6.8: Generalised additive model of compartment costs (log transformed) against Index score; 
the model is not sufficiently complex to account for high cost-low score new planting and low cost-
high score coppicing 
Therefore, in order to account for the effects of new planting and coppicing, woodland type (new, 
coppice, forest) was included as a random factor, necessitating the use of a generalised additive mixed 
model: 
gamm(fixed = index ~ s(cost), random = list(type=~1), family = 
gaussian, data = ind_cost) 
Again, a significant relationship was found (p<0.001) but the decrease in Index score at higher cost was no 
longer apparent. Instead the relationship levelled out, suggesting there is a limit to the biodiversity benefit 
that can be achieved by increasing WGS agreement costs (Figure 6.9). 
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Figure 6.9: Generalised additive mixed model of compartment costs (log transformed) against Index 
score with woodland type taken into account; Index score increases with cost, suggesting value for 
money is being delivered but only up to a certain point, where the relationship levels out 
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Aside from woodland type, there are other compartment characteristics that can influence the Index score 
independently of management (see Section 5.2), and the area-weighted mean year the management was 
carried out has also been shown to have an effect (Section 6.1.4). Therefore, additional random factors 
were added to the model to see if it could be improved further. These factors were compartment age 
(new, plantation, ARPW, ASNW), size and area-weighted mean year of management, giving the 
following model: 
gamm(fixed = index ~ s(cost), random = list(age=~1, type=~1, 
year=~1, size=~1), family = gaussian, data = ind_cost) 
SSSI designation was not included due to the large overlap with ancient woodland. The inclusion of each 
random factor, as well as their nesting order, was determined by examination of Akaike’s Information 
Criterion (AIC), with a view to minimising it. The final model was again significant (p<0.001) and very 
similar to the previous one, the main differences being a more gradual levelling out of the relationship at 
higher costs, and a significantly improved model fit (lower AIC of 1221 vs. 1238, p<0.001; Figure 6.10). 
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Figure 6.10: Generalised additive mixed model of compartment costs (log transformed) against 
Index score with woodland age, type, area-weighted mean year worked and size taken into account; 
model fit is improved over that in Figure 6.9 but the form of relationship remains broadly the same 
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6.2.3 Specific activities 
New planting 
As suggested above, the value for money offered by new planting, assessed via the Index score, is 
potentially poor when compared to other WGS activities; however, new planting represents a long-term 
habitat creation measure and cannot be considered in the same terms.  Therefore the newly planted 
compartments were analysed separately to determine whether more expensive planting schemes resulted 
in new woodland with higher Index scores. Because of the small sample size (28 compartments), multiple 
regression techniques were inappropriate; therefore, standard regression models were used to compare 
new planting Index score with compartment cost (Table 6.8). 
Table 6.8: Regression models of new planting cost against Index score; new planting in the case 
study was sufficiently similar (mostly small scale broadleaved) that no significant relationships were 
found 
Regression model: R2 p Term: β p 
Linear 0.050 0.251 cost -0.225 0.251 
Quadratic 0.151 0.129 cost 1.125 0.174 
   cost ** 2 -1.386 0.097 
Cubic 0.157 0.243 cost 1.700 0.319 
   cost ** 2 -3.178 0.497 
   cost *** 3 1.241 ~ 
No significant relationship was found; however, this was not unexpected because almost all planting was at 
the higher rate for broadleaved woodlands smaller than 10ha, i.e. there was no coniferous or large scale 
broadleaf planting, which might have been expected to score differently on the Index. The only remaining 
cost differences were therefore due to the Community Woodland and Better Land Supplements (CWS & 
BLS). Of those, the former cannot be expected to affect biodiversity, whilst any potential effect of the 
latter was undetectable due to the small number (just 2.5) of compartments planted on semi-natural 
habitat. Nevertheless, this does not indicate that new planting is providing poor value for money, only that 
short-term biodiversity value is not being delivered. In the longer-term, the provision of new woodland for 
public amenity (CWS) or to reduce intensive land management practices (BLS) may well provide value but 
that assessment is beyond the scope of this thesis. 
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Replanting and regeneration 
Natural regeneration is generally considered to be of greater benefit to biodiversity than replanting a 
compartment (Harmer, 1999) and, despite the additional discretionary payment, the mean cost per 
hectare in the case study is not significantly different (£647 vs. £675 ha-1, p=0.830). Therefore, if natural 
regeneration does offer biodiversity benefits, it will represent greater value for money than replanting. To 
test this, an analysis of variance was carried out, comparing the Index scores of replanted versus naturally 
regenerating compartments. The mean score for regeneration (37.14) was higher than that of replanting 
(31.64) but this difference was not significant (p=0.151). However, given that 23% of the replanting by area 
(or 53% by number of compartments) was standards in coppice (i.e. high scoring compartments), and that 
a smaller area was replanted (4 ha) that regenerated (14 ha), it is not surprising no significant difference 
was found. 
Woodland Improvement Grants 
After new planting, Woodland Improvement Grants are the most expensive WGS grants per hectare 
(Table 6.7) and therefore potentially offer poor value for money compared to other WGS management 
activities; however, they do have the potential to provide the short to medium term biodiversity benefits 
that new planting does not, and include activities of potential benefit to biodiversity that are arguably 
beyond the scope of other management grants. To investigate this, an analysis of the costs and Index 
scores achieved by each type of WIG activity, compared to non-WIG compartments (excluding new 
planting), was carried out. 
WIG1, providing public access, does not generally pay for work that may be expected to benefit 
biodiversity, except perhaps for ride widening, and it is possible that increased public use of woodland may 
actually be deleterious (e.g. trampling, eutrophication from dog faeces). However, an analysis of variance 
of WIG1 compartments’ Index scores (mean = 34.8) against other compartments (mean = 38) 
demonstrated that this was not the case (p = 0.378). Considering the costs, WIG1 compartments (mean 
= £880 ha-1) were not significantly more expensive than other compartments (mean = £531 ha-1; p = 
0.210), suggesting the provision of extra public amenity is providing value for money, at least in comparison 
with other WGS agreements. 
WIG2, reintroducing management to under-managed woods, can be expected to benefit biodiversity, 
particularly where traditional management, such as coppicing, is reintroduced. However, an analysis of 
variance of WIG2 Index scores (mean = 31.6) against other WGS compartments (mean = 38) showed a 
significant decrease in biodiversity (p = 0.003), with WIG2 compartments costing significantly more 
(£1,049 ha-1 vs. £531 ha-1; p = 0.001). This suggests that WIG2 payments provide poor value for money 
compared to grant aiding the management of more recently managed woodland. Of course, the longer-
term benefits of reintroducing management (arguments for the value of minimum intervention aside) may 
justify the large, one-off WIG2 payments. 
WIG3 payments are for work specifically intended to encourage biodiversity; however, an analysis of 
variance of WIG3 Index scores (mean = 41.2) showed no significant difference to other WGS 
compartments (mean = 38; p = 0.196). Notably, the cost of WIG3 compartments (mean = £654 ha-1) was 
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also not significantly different to other WGS compartments (mean = £531 ha-1; p = 0.521), indicating it 
offers similar value for money. This is not unexpected because most of the WIG3 in the case study was 
paid for coppicing, which was also carried out under annual management grants in non-WIG agreements; 
other activities, that might have been expected to cause WIG3 compartments to score more highly, were 
either insufficiently common to have an effect (e.g. ride creation) or not considered in the scoring (e.g. 
dormice surveys and boxes). 
Coppicing 
Coppicing is not directly paid for by the WGS, instead it is a reason for the payment of an annual 
management grant (less expensive) or the negotiation of a WIG payment (more expensive). Because 
agreement contracts do not detail the coppice funding, directly assessing value for money is impossible; 
however, the relationship between compartment cost and area coppiced may be of interest, from a value 
perspective, because moderate levels of coppicing are associated with greater Index scores (Section 6.1.4). 
Therefore, a regression analysis of coppiced area (%) against compartment cost (£ha-1, untransformed) 
was carried out, using the curve estimation procedure of SPSS, to examine whether more or less 
expensive compartments were associated with moderate levels of coppicing (new planting excluded), and 
hence the value for money offered. Using a linear model, no relationship was found but a quadratic model 
was significant (Table 6.9; Figure 6.11). This shows that cheaper compartments tend to deliver moderate 
coppicing, rather than more expensive ones, and hence offer good value for money; the implication being 
that cheaper annual management grant funded coppicing offers better value for money than more 
expensive WIG funded coppicing. 
Table 6.9: Regression models of compartment area coppiced (%) against compartment cost (£ha-1) 
Regression model: R2 p Term: β p 
Linear 0.007 0.308 coppice 0.084 0.308 
Quadratic 0.060 0.011 coppice -0.596 0.018 
   coppice ** 2 0.717 0.005 
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Figure 6.11: Regression of compartment area coppiced (%) against compartment cost (£ha-1); 
moderate coppicing, which is of greatest benefit to biodiversity, is associated with lower cost 
compartments, indicating good value for money 
6.3 Targeting the WGS 
189 
6.3 Targeting the WGS 
6.3.1 Introduction 
Although entry to the WGS is technically discretionary, in practice most applications are accepted, 
admittedly often following an informal process of negotiation and amendment by Woodland Officers. 
Nevertheless, targeting WGS funding through discretionary entry is an important part of delivering value 
for money and meeting relevant aims and targets under the England Rural Development Programme, 
England Forestry Strategy and UKBAP. Two main mechanisms are in place for achieving this: the New 
Woodland Scoring Form for woodland creation, and Woodland Improvement Grants, with associated 
Challenge Funds, for woodland management. With the data gathered by the case study, as well as a 
number of GIS datasets, it was possible to assess the effectiveness of these approaches in Kent, albeit to a 
rather limited extent, and consider potential improvements. Challenge Funds could not be investigated 
because only one had operated in Kent prior to the start of the case study - the 1996 Butterfly Challenge. 
However, as this was mostly coppicing under WIG3 agreements it is, in effect, considered below. 
6.3.2 New Woodland Scoring Form 
Introduction 
In order to address the priorities for woodland creation set out in the England Forestry Strategy (Forestry 
Commission, 1998c) and to assist in achieving greater control over WGS expenditure, the Forestry 
Commission introduced discretionary entry for new planting applications from January 2000 onwards 
(Forestry Commission, 2000a). This took the form of a New Woodland Scoring Form, which allocates 
scores to each application in seven areas: rural development; economic regeneration; recreation, access 
and tourism; environment and conservation; size; landscape enhancement; and additional factors or 
regional features. Applications scoring at least the minimum threshold score are accepted, with 
applications scoring significantly above it fast-tracked. Initially, the threshold was set at seven, with the 
intention that it would be gradually raised in subsequent years: by October 2002, it had risen to 11 points, 
and applications scoring 13 points or more were fast-tracked. 
Two approaches were taken to assess the impact of the New Woodland Scoring Form in Kent: firstly, the 
case study agreements were scored; and secondly, the entire GIS dataset of WGS Mark 3 new planting 
agreements (to 10/2000) was analysed to examine the impact of scoring on the area planted and the 
proximity of planting to ASNW and ARPW. Because of the limited information in the GIS dataset, other 
aspects of the scoring form could not be investigated. Finally, options for developing the scoring form were 
investigated and discussed. 
Case study agreements 
Scoring the case study new planting agreements based on the information contained in their WGS 
contracts was relatively straightforward, with reference to appropriate maps (Rural Priority Areas, 
Economic Regeneration Priority Areas, Community Forests), GIS datasets (English Nature Ancient 
Woodland Inventory, Ordnance Survey Meridian), and documentation (Kent Biodiversity Action Plan, 
Kent Downs AONB Landscape Design Guide). Table 6.10 lists the scores for each aspect of each 
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agreement; the only one that could not be scored was regional priorities (7.3). The maximum score found 
was 19, with a minimum of 2 and an average of 7.8; nine of the 16 agreements (56%) achieved the initial 
threshold score of 7, falling to just 4 for the later threshold of 11. Because only two of the agreements 
were received from January 2000, it was not possible to assess the effect of the scoring form. However, 
looking at the whole WGS Mark 3 dataset, the annual number of agreements (22) and area planted (57ha) 
in 2000 remained within its previous range following the introduction of scoring (20-41 agreements per 
year covering 49-137ha). This was also the case for the number of agreements each year with CWS (4, 
previous range 1-4) or FWPS supplements (10, previous range 9-16), suggesting that value for money has 
improved, i.e. there has been no major change in the applications approved except for an enforced 
increase in the score. 
Of course, an increase in the score awarded to new planting applications does not necessarily equate to 
improved biodiversity value: most of the highest scores in the case study were achieved by being joint 
FWPS applications (6), providing public access and community involvement (2), planting large areas (1) or 
high yield species (1). Encouragement of FWPS applications, by providing extra points, is potentially of 
value to biodiversity (see Chapter 2); however, ERDP targets for FWPS planting are likely to be exceeded, 
questioning the need for this extra incentive, particularly given the extra cost of FWPS versus WGS only 
agreements (although the former is not met by the FC). The provision of public access and community 
involvement can add up to 9 points, which is more or less sufficient to ensure the acceptance of the most 
basic of new planting schemes without any effort being made on conservation or landscape aspects. 
Furthermore, the public amenity value is also particularly questionable in Kent, and the South East in 
general, because of the well-wooded landscape with extensive public rights of way and large, publicly 
accessible woods (e.g. Hamstreet Woods, Blean complex, Lyminge Forest, Orlestone Forest, King’s 
Woods). The planting of large areas deservedly attracts high scores; however, the planting of high yield 
species is more questionable. At worst, it could be seen as a subsidy for commercial coniferous planting of 
little biodiversity value and arguably little economic value in the South East; whilst, at best, it could serve to 
encourage the establishment of new woodland as an energy crop (i.e. short rotation coppice) which, whilst 
of general environmental value, is not necessarily of direct benefit to biodiversity and does not necessarily 
achieve anything that more active management of the existing coppice resource could. It is also worth 
noting that nearly all of the case study agreements achieve 2 points for being near to towns, artificially 
inflating the score in more densely populated areas of the country. 
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Kent WGS3 agreements 
The Forestry Commission’s WGS Mark 3 GIS dataset contains only basic, summary information on the 
grants awarded; however it is sufficient to allow some aspects of the New Woodland Scoring Form, of 
particular relevance to biodiversity conservation, to be examined in more detail than was possible with the 
case study agreements. These are the extension of ASNW or ARPW woodlands and the size of newly 
planted woodlands. To do this, the 184 WGS Mark 3 new planting agreements were identified as scored 
(post 1st January 2000) or not scored based on the date the application was received; the total area 
planted and maximum compartment size for each agreement were noted; and ArcView GIS (ESRI, 2000) 
was used identify which newly planted compartments extended (i.e. were within 10m of) ASNW, ARPW 
and plantation woodland. An analysis of variance was then carried out, and the results are displayed in 
Table 6.11. 
Table 6.11: Analysis of variance of new planting before and after the introduction of the New 
Woodland Scoring Form; comparisons are made between total area planted, largest compartment 
planted, and the number of agreements that extend ASNW, ARPW or plantation woodlands (PLTN) 
 Scored Not scored p 
Total area (ha) 2.56 2.60 0.980 
Largest compartment (ha) 2.53 2.56 0.988 
Extends ASNW 20% 17% 0.746 
Extends ARPW 5% 7% 0.772 
Extends PLTN 35% 30% 0.641 
From the results of the analysis, it is clear that the introduction of the scoring form has had no immediate 
effect on the size or location of new planting. This is not unexpected, however, because only 20 of the 184 
agreements were scored, and the threshold score was just 7, one that was quite frequently met before 
scoring was introduced (e.g. 56% of the case study agreements, see Table 6.10). Furthermore, there are 
easier ways for applicants to increase their scores than planting larger areas or extending existing 
woodlands (e.g. joint FWPS application, public access), and it is possible that many applicants may be more 
constrained in the size and location of the planting than other aspects. This highlights one flaw of the 
scoring system: whilst it can work to improve the schemes of those that apply, it does not directly act as an 
incentive to those landowners with the most suitable sites, and may even deter applicants who assume 
their proposals would not score sufficiently to be accepted. 
Development 
Although the initial effect of the New Woodland Scoring Form appears to be limited, that was always going 
to be the case: the moving threshold score was designed to gradually increase the quality of new planting 
over several years, whilst allowing landowners time to adapt to the new regime. Nevertheless, from a 
biodiversity conservation standpoint, the Scoring Form can be criticised for the weight given to other WGS 
aims, particularly in well-wooded areas of the country with good public access and limited scope 
commercial forestry. The three points awarded for regional priorities, whilst not nearly enough to address 
some of the innate geographic imbalances that are present in the system, do at least show the way 
forwards, through increasing regionalisation of the Scoring Form, as has occurred with the EWGS. 
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Leaving aside these issues, there are two obvious and easy to implement ways in which the biodiversity 
conservation aspects of the Scoring Form could be developed: firstly, to award points for applications 
adjacent to land managed under other Government-backed schemes, such as the Countryside Stewardship 
Scheme and its successors; and secondly, subtracting points for planting on unimproved or semi-natural 
habitats. The rationale for the former is that sensitively managed agricultural land will buffer the new 
woodland and aid colonisation by woodland species, ultimately creating higher quality woodland that 
would be the case if it were surrounded by intensive agriculture. Extra points are awarded for FWPS 
applications, providing a precedent in this area. A GIS analysis of new WGS planting (to 10/2000) and CSS 
agreements (1992 to 2000) in Kent demonstrated that 29 of 184 (16%) WGS Mark 3 new planting 
agreements were on or within 10m of CSS agreement land, suggesting that points so awarded would serve 
to better differentiate new plating applications, which is the aim of the Form. 
Considering the type of land new woodland is planted on is a natural extension of the ‘Environment and 
Conservation’ and ‘Landscape Enhancement’ parts of the Form but one that accounts for the potentially 
negative effects of poorly located planting. A GIS analysis of WGS Mark 3 planting in Kent against the data 
from the Kent Wildlife Habitat Survey was carried out to investigate the extent of new planting on semi-
natural habitat. An intersect procedure was used, with slivers of less than 0.1 ha discarded and obvious 
overlaps due to digitisation errors removed (e.g. planting on woodland or water). Some 20% of new 
woodlands (36 of 184), or 10% by area (49 of 477 ha), were found to have been planted, at least partially, 
on land that was not improved grassland or arable (Table 6.12). Despite the relatively small amount of 
habitat that was planted on, 20% of agreements were involved; therefore, deducting points for the loss of 
semi-natural habitat (and arguably amenity grassland as well, given the public access elements of the Form) 
would allow new planting applications to be better differentiated. 
Table 6.12: WGS Mark 3 planting on habitat other than improved grassland or arable; 7% of total 
planting was on such habitats, mostly semi-improved neutral grassland; NB two agreements were 
dealt with in halves because they were planted on two distinct habitats 
Habitat Habitat lost Area planted No. agreements 
Amenity grassland 6.1 6.1 5 
Unimproved calcareous grassland 0.6 1.3 1 
Dense scrub 0.7 3.0 1.5 
Semi-improved acid grassland 0.3 0.3 1 
Semi-improved calcareous grassland 0.9 3.2 1 
Semi-improved neutral grassland 24.5 34.4 26 
Tall ruderal 0.2 0.8 0.5 
Total 33.3 49.1 36 
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6.3.3 Woodland Improvement Grants 
Introduction 
Woodland Improvement Grants are the primary mechanism currently available to the Forestry 
Commission for targeting WGS management funds; however, the individual nature of the grants makes 
detailed analysis of their effects impossible without full contract information. Whilst this information is 
available for the case study woodlands, there are too few of them with WIG elements for meaningful 
analysis beyond that carried out in Subsection 6.2.3. Using the WGS Mark 3 dataset, however, offered the 
opportunity to investigate the county-level effects of the grants in Kent through a GIS analysis in ArcView. 
WIG1 Public Access 
WIG1 agreements are not of direct relevance to biodiversity conservation and the necessary data on 
public rights of way in Kent to perform an analysis of the additional access provided were not available. 
Nevertheless, assuming the maximum length of new public right of way a WIG1 agreement could provide 
is the perimeter of the wood under agreement, some 36 km (22.5 miles) of new access could have been 
created. Kent has in excess of 4200 miles of public rights of way (footpaths, bridleways and byways; source 
Kent County Council), so WIG1 agreements are likely to represent less than a 0.5% increase at best, 
suggesting little if any impact at the county-scale. 
WIG2 Under-managed woodlands 
WIG2 agreements provide additional funding to wood owners to encourage the return of long-standing 
unmanaged or under-managed woodland to active management. The key problem limiting the assessment 
of their effectiveness is determining the proportion of WIG2 woods that would have been returned to 
management with a WGS grant alone. No such data are available, therefore a best-case scenario was 
assumed where none of the agreements would have been made without additional WIG funding. A GIS 
analysis was then carried out to determine, of the total woodland in Kent, the proportion that is managed 
by the WGS, WIG2 agreements, the Forestry Commission and Natural England (NNRs). This was done 
for all woodland and dense scrub as recorded by the Kent Wildlife Habitat Survey (1995), and for all 
woodland over 2 ha as recorded by the Forestry Commission’s Digital Woodland Map for England 
(2000b), with the results shown in Table 6.13. 
Table 6.13: Proportion of woodland assumed to have been under management in Kent in the period 
1995 to 2000; new planting was excluded from total woodland and WGS management 
Management by Kent Wildlife Habitat 
Survey woodland 
Digital Woodland 
Map for England 
 ha % ha % 
Forestry Commission 4019 9.0 4019 10.6 
NNR 433 1.0 418 1.1 
WGS (exc. WIG2) 11004 24.7 9067 24.0 
WIG2 676 1.5 592 1.6 
Total managed 16132 36.2 14095 37.2 
Total woodland 44524  37855  
6.3 Targeting the WGS 
195 
Approximately 36% of the total woodland in Kent would have been under some form of management 
during the years 1995 to 2000, either as part of a 5-year negotiated grant scheme or through ongoing 
management by the FC or NE, although this will include areas left as non-intervention or with little planned 
work. Of that, WIG2 agreements were responsible for managing just 1.5% of the total, or 6% of all WGS 
woodland, suggesting little impact. However, WIG2 agreements typically involve active management of 
their entire area, whereas much of a WGS agreement can be annual management (i.e. little activity) with 
only small areas of actual felling, restocking, thinning or coppicing. Excluding annual management and WIG 
from the WGS dataset leaves 4200 ha of active management, which is again an overestimate because some 
activities can be on the same area. WIG2 agreements, therefore, represent at least 16% of the area 
actively managed under the WGS, suggesting their impact is of some significance. 
WIG3 Biodiversity conservation 
WIG3 agreements can be negotiated for a wide range of works that aim to benefit woodland biodiversity. 
This limits any general assessment without detailed contract data; however, the prevalence of coppice 
woodland in Kent, and the tendency for most WIG3 agreements to contain an element of coppicing (79% 
of those in Kent), does provide an aspect that can be investigated. According to the Digital Woodland Map 
for England (Forestry Commission, 2000b) there are 5474 ha of coppice woodland in Kent, although this is 
an underestimate because woods smaller than 2 ha are not included and neither is stored coppice. Indeed, 
the National Inventory of Woodland and Trees for Kent (Forestry Commission, 2002b), which is based on 
the same aerial photography derived data but adjusted by field survey samples, quotes 9408 ha. 
As identified in Chapter 3 (Section 3.3.3), between 1995 and 2000 270 WGS agreements were made to 
cut 1415 ha of coppice in Kent, some 26% or 15% of the total, depending on which version of the Forestry 
Commission’s data is used. Of that, 1091 ha was paid for by ordinary WGS grants, with 188 ha by WIG2 
and 136 ha by WIG3 (Table 6.13), meaning WIG agreements paid for cutting 6% (or 3%) of the coppice in 
Kent, or nearly a quarter of all WGS coppicing (23%). Therefore, whilst WIG3 agreements by themselves 
may not be very important for coppicing, the total cut under WIG agreements is significant. Furthermore, 
WIG agreements cut smaller areas (Table 6.14), implying smaller woods where coppicing is less 
economically viable, which would probably not be managed without the extra WIG payments. 
Table 6.14: Area of coppice cut in Kent under WGS and WIG agreements made between 1995 and 
2000 
Coppicing Area (ha) Agreements Mean area (ha) 
WGS 1091 200 5.46 
WIG2 188 67 2.80 
WIG3 136 42 3.24 
Total 1415 269 5.26 
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6.4 Discussion 
6.4.1 Effects of management 
The analysis of Protocol data with regard to the management operations carried out on the case study 
compartments has shown a broadly predicted pattern of responses in the structure, composition and 
function of those compartments. Inevitably, there were deviations, given the complexity of the data, but 
most of those were either easily explainable or at least ecologically plausible. The most important 
unexpected results related to the field layer: coppicing did not have the strong effect on field layer 
composition that was predicted; whilst felling and restocking, as well as thinning, produced a much 
stronger herbaceous response than was predicted. The former is probably because the vernal flora had 
died-back by the time the field survey was carried out and therefore does not accurately reflect the effect 
of coppicing on the ground flora; the latter, however, is rather more important, suggesting that small scale 
felling (as was predominantly the case) can be of significant benefit to the ground flora. 
Finding generally expected responses to management in the case study data is further evidence that the 
Protocol is a reliable method for recording information about woodland biodiversity; however, it says little 
about the overall effect of WGS management on woodland biodiversity. For that, it was necessary to 
analyse the effect of management on the biodiversity Index. For established compartments, the initial 
model showed unexpected decreases in biodiversity with management; however, factoring in the year 
management was carried out did show a range of positive effects but these were restricted to coppicing 
and were greatest (5-10 point increase) at moderate levels of cutting (35-65%). Other forms of 
management had no overall effect on the Index although it is unclear whether this is because of insufficient 
time post-management for benefits to become apparent or because those forms of management genuinely 
have no overall effect on biodiversity. The Index scores of new planting were also analysed and although 
biodiversity was lower than for established compartments, as expected, it was notable that subsidiary 
habitats did not score as low as other aspects of biodiversity. This is because, for many of the new 
compartments, effort had been made to incorporate features such as rides and ponds, and the planting 
located adjacent to established woodland. 
6.4.2 Value for money 
Having established the effect of WGS management on the case study woodlands, the next step was to 
investigate the costs of those agreements with a view to determining the value for money provided. 
Agreement costs ranged from £350 to £35,190 (mean £3,721) with most (78%) individual compartments 
costing less than £1,000. Of the management activities directly funded, annual management was by far the 
cheapest (mean £178 ha-1); whilst the other, more intensive activities (various restocking and WIG) were 
broadly similar to each other (mean £647 to £948 ha-1). However, it is worth noting that WIG agreements 
only pay 50% of the agreed costs; which, considering the total, puts them on a par with the most expensive 
WGS activity - new planting (mean £1,788). Compartment costs were modelled against the Index score to 
investigate WGS value for money: the final model, taking into account compartment age, type, year 
managed and size, showed a linear increase in Index score with increasing cost, gradually plateauing at 
higher costs. Therefore, suggesting that increased WGS spending provides value for money up to a certain 
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level (~£1,750 ha-1). Given the majority of compartments (85%) cost less than that figure, it appears the 
case study agreements are predominantly providing value for money. 
Certain activities were examined in more detail to see if they offered benefits over alternatives. For 
restocking, the cost and Index score of replanting was compared against natural regeneration; however the 
expected benefits of regeneration were not found but because of the way both were utilised in the case 
study, this finding cannot be generalised. New planting was examined to see if more expensive schemes 
resulted in biodiversity benefits but none were found, primarily because the case study planting was so 
similar. WIG agreements were compared to non-WIG ones to see what benefit, if any, the additional 
spending brought. WIG1 agreements were similar in cost and Index score to non-WIG; therefore, the 
public access benefit represents value for money. WIG2 agreements cost more than non-WIG but offered 
similar Index scores, providing poor value for money, at least in the short term. WIG3 agreements, like 
WIG1, were not significantly different to non-WIG; therefore, the unmeasured activities (e.g. dormouse 
boxes) probably represent value for money. The main reason no WIG3 benefit was found is probably 
because it mostly paid for coppicing, which was also paid for in the case study by cheaper annual 
management grants. Looking at the area coppiced against compartment cost, showed moderate coppicing, 
which has the highest Index scores, was most strongly associated with the cheapest compartments, 
indicating it is annual management for coppicing that provides the best value for money in terms of 
biodiversity benefit delivered.  
6.4.3 Targeting 
The Forestry Commission seeks to improve the value for money offered by the WGS through two main 
targeting mechanisms: the New Woodland Scoring Form and Woodland Improvement Grants. The 
former was assessed by scoring the case study new planting agreements, which demonstrated little 
potential benefit because the mean score achieved was 7.8, which was little different to the initial threshold 
score (7). An analysis of the entire WGS Mark 3 dataset before and after the introduction of the Form 
confirmed this view: no major changes in the type, size or location (i.e. proximity to ancient woodland) of 
agreements were found. Nevertheless, some improvements must have been made to meet the threshold 
score; however, an examination of the points awarded to the case study agreements suggests these would 
have been in areas of little relevance to biodiversity conservation, such as public amenity, which are also of 
questionable value in South East England. Regionalisation of the Form may provide an answer to these 
criticisms, as may its extension by including further elements relating to biodiversity such as points awarded 
for proximity to other conservation-oriented land management schemes (16% of agreements in Kent) or 
deducted for planting on semi-natural habitats or amenity grassland (20% of agreements in Kent). 
Woodland Improvement Grants in the case study appeared to be of limited impact and value, considering 
the extra spending over non-WIG agreements, but to gain a fuller picture an analysis of WIG agreements 
in the entire WGS Mark 3 dataset was carried out. WIG1 agreements provided additional public amenity 
at no extra cost; however, the potential extra rights of way provided (less than 0.5% by length) were too 
little to have any effect at the county-scale. WIG2 agreements offered poor value for money and only 
manage about 1.5% of the woodland in Kent; however, they do represent 16% of actively managed WGS 
woodland, suggesting they have some impact, albeit costly. WIG3 agreements could only be assessed with 
regard to the coppicing they pay for. WIG2 agreements also pay for coppicing, and between them, they 
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paid for the cutting of 6% (or 3%) of the coppice in Kent, or 23% of all coppicing under the WGS. This 
suggests a reasonable impact but the value for money is questionable: given the short term (~5 year) 
benefits of moderate coppicing, paid for by annual management with high levels of value for money, WIG 
payments for coppicing seem rather misguided. It is possible a specific, small coppicing grant could achieve 
the same or better biodiversity benefit at a far lower cost. 
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7 Discussion 
Chapters 5 and 6 presented an analysis and discussion of the results from the Kent case study, addressing 
the aims of the thesis: to develop a novel monitoring and evaluation protocol for the WGS (Aim 1, 
Chapter 5) and to evaluate the effectiveness of the WGS at conserving biodiversity (Aim 2, Chapter 6). 
Chapter 7 highlights the current relevance of those aims before drawing together the main findings of the 
thesis, putting them in context with recent literature and discussing their contribution to the fields of 
conservation monitoring and land management scheme assessment. Finally, conclusions are drawn and 
areas for further work suggested. 
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7.1 Assessing the WGS 
The central problem this thesis sought to address was the limited assessment that has been carried out of 
the Woodland Grant Scheme, particularly with regard to its management of existing woodlands. Aside 
from implications for the prudent use of public funds, there is the greater threat that policy commitments, 
such as the UK Biodiversity Action Plan, will fail if the WGS is ineffective in delivering the biodiversity 
conservation goals assigned to it. To illustrate the problem, a recent review by McIntosh (2006) highlighted 
the success of Forestry Commission grant schemes at meeting the UKBAP habitat creation target for 
native pinewood in Scotland, whilst questioning progress towards targets for regeneration and restoration 
of the diversity of existing pinewoods. A particular problem McIntosh cites is the limited survey work of 
the native pinewood resource hindering not only assessment of the current state but, more importantly, 
assessment of management effectiveness. To this end, McIntosh calls for the development of new 
“monitoring systems to record contributions towards HAP targets for […] the SFGS”. 
Although relating to Scotland, the problem is very much the same in England: in some of the most recent 
research, CJC Consulting (2003) stated that “there has been no evaluation of WGS improvement and 
management grants”, whilst the Mid-Term Evaluation of the England Rural Development Programme 
limited its assessment of WGS management to a questionnaire sent to 500 participants (Dyer, 2003a). 
With questions such as “Has the WGS funding helped improve the conservation value of these woodlands? 
Yes/No” the problem of assessing the effectiveness of WGS management remains. 
In addressing this problem, there is a key missed opportunity: the Forestry Commission’s Woodland 
Officers. These skilled individuals are responsible, among other things, for negotiating WGS agreements, a 
process that usually involves at least one visit to the woodland concerned. Even following acceptance, site 
visits continue in the form of compliance checking and negotiating contract amendments, presenting the 
opportunity to incorporate a formalised monitoring and evaluation element that could provide information 
from which to assess the effectiveness of WGS management. 
This thesis therefore adopted two aims: firstly, to develop a novel monitoring and evaluation protocol for 
the Woodland Grant Scheme; and secondly, utilising that protocol, to investigate the effectiveness of the 
WGS at conserving biodiversity (Chapter 1). A review of the WGS assessment literature confirmed the 
problem (Chapter 2), whilst literature on woodland biodiversity and survey techniques were reviewed to 
inform the development of the novel monitoring Protocol and its evaluation component, the diversity 
Index (Chapter 3). A condition monitoring-based rapid assessment approach was chosen, with the key 
difference that condition targets could not be used, because WGS woods do not have them. Therefore, 
the Protocol was designed to be data rather than target-centric, with the Index using objective standards 
from the literature against which biodiversity value could be assessed. An analysis of the results from a case 
study (Chapter 4) allowed the Protocol and Index to be validated and refined (Chapter 5), as well as 
facilitating an evaluation of the efficacy of the WGS (Chapter 6). 
7.2 Protocol and Index 
201 
7.2 Protocol and Index 
7.2.1 Testing and development 
The Protocol and Index were tested and developed through a case study of 50 WGS agreements in Kent, 
comprising the field survey of 178 woodland compartments. A large, random sample was required because 
satisfactory controls, against which to determine the effects of WGS management, were not possible to 
implement: useful resurvey was impossible within the timeframe of the research project, comparable 
unmanaged woods were impractical to identify, and too few WGS woods contained unmanaged 
compartments for reference. Therefore, management effects were investigated with multivariate analysis. 
The advantage of this approach was that significant responses were shown to be important throughout 
Kent; however, the sample size was too small for the effects of some management activities to be 
determined. A stratified sampling approach would have addressed this problem but at the expense of 
distorting the overall assessment of the Scheme’s impact in Kent. 
The Protocol was designed to record woodland structure (canopy/understorey cover, basal area), 
composition (tree/indicator species, field layer/epiphyte community composition), and function 
(deadwood, regeneration composition, structural diversity), as well as intimately associated subsidiary and 
adjacent habitats. Survey techniques most suitable for rapid assessment were selected from the literature, 
with field trialling of alternative techniques not deemed necessary. Likewise, evidence from other studies 
indicating the general robustness of rapid assessment techniques, meant no independent field-testing was 
carried out to validate the Protocol. Instead, a series of a priori predictions were made about the expected 
response of the Protocol to woodland of different types and basal areas, which were then tested with the 
case study data. The Index was designed to evenly score the elements of biodiversity recorded in the 
Protocol against a scale derived from the literature, providing the evaluation adjunct to the Protocol’s 
monitoring. Again, validation relied on the testing of a priori predictions about the response of the Index to 
woodland of different types. 
Validation of the Protocol and Index demonstrated that they were capable of distinguishing between 
compartments of different ages, sizes and quality (i.e. SSSIs), as predicted. Importantly, the subjectively 
estimated Protocol components generally responded in the manner predicted to changes in the objectively 
recorded basal area, and where deviations were found, the observed responses were all ecologically 
plausible. A cost-benefit analysis of the Protocol demonstrated that indicator species offered comparatively 
little diagnostic information for the surveying time required; therefore, morphospecies recording should 
replace them in the Protocol with tree species recording modified to make further time savings and retain 
some woodland community information. Factor and reliability analyses of the Index demonstrated that it 
was scoring biodiversity value appropriately, and did not require modification. Nevertheless, reducing the 
Protocol’s species recording to just two elements allowed the addition of a further component to the 
Index: field layer class diversity. This is a measure of field layer beta diversity derived from the DAFOR 
composition data, which addresses the weakest element of the Index: the loss of information in the 
conversion of seven field layer variables to just one. 
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7.2.2 Practical application 
The Protocol and Index were designed with the aim that the Forestry Commission should adopt them for 
a national programme of WGS assessment. Having validated the general reliability and diagnostic power of 
the approach, and rejected the need for anything more than minor refinements, it is appropriate to 
consider how such a programme could operate. Two possible scenarios are envisaged: an occasional 
Scheme assessment based on a sample of WGS agreements, and an ongoing assessment where woodlands 
are surveyed as part of the agreement process. 
For an occasional, or even one-off, national assessment of the WGS, sampling would have to be arranged 
at least at the Conservancy level, to allow for regional variation in the woodland resource. Stratification of 
the sample need not be necessary, although selection of agreements with regard to the time since work 
was completed would be useful (see Subsection 6.1.4). Assessment of biodiversity benefit could be made 
by resurvey of the sample, comparison of managed and unmanaged stands, or multivariate analysis, 
perhaps with high quality (i.e. SSSI) reference woods, as survey constraints allow. Some field survey may be 
possible in the normal site visits of Woodland Officers; however, it is likely additional visits would be 
required, presenting a significant cost to the Forestry Commission, which would be dependent on the 
sample size required to achieve sufficient statistical power. 
In the case study, the only management activity to produce a strong response in the Index was coppicing, 
with an R2 of 0.09 when modelled in a generalised additive mixed model with woodland type and year of 
management as additional predictors (see Subsection 6.1.4). This equates to an effect size (f2) of 0.1, 
indicating a medium effect, and a power of 0.97, which is well above the generally accepted minimum of 
0.8 (Cohen, 1988). Considering that coppicing was carried out in 77 of the 178 compartments (43%), the 
sample size for an area comparable to Kent would need to be increased to 305 to determine a similar 
effect for felling and restocking (carried out in 25% of compartments), or 370 for thinning (21% of 
compartments). Even with minimum significance (p = 0.05) and power (0.8), 191 compartments would still 
be required for felling and restocking, and 233 for thinning. 
Of course, these figures reflect the coppice management bias in Kent but, as a guide, approximately 200 
compartments would seem to be a reasonable minimum to detect the full range of WGS management 
effects in a county, using the Protocol and Index with multivariate analysis. Based on the time required for 
the case study (approximately 6 hours per weekday for 3 months including travelling time), some 400 
person hours may be required, at a cost of ~£40003. That cost would be a maximum, however, as work 
could be shared between Officers on normal site visits. Nevertheless, if the Forestry Commission wished 
to minimise the cost of the survey, then sampling stratified by management activity would be justified, and 
the use of controls desirable. 
The regular assessment of WGS woods, as part of the agreement negotiation and compliance process, 
would in contrast be of marginal extra cost to the Forestry Commission but provide an extensive sample 
of woodlands both pre- and post-management, making it potentially the more cost effective alternative for 
WGS assessment. There is also a further benefit to this approach, the potential for the Protocol and Index 
to aid management planning. For example, a pre-agreement survey could identify compartments where 
                                                          
3 Woodland Officer starting salary £22,791 for 44 net hours per week. Source: Forestry Commission. 
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deadwood retention or creation was desirable, where thinning may be required, where natural 
regeneration post-felling may be most likely, and so on. Post-agreement survey could then assess the 
effects of that management with a view to developing the next WGS application. In this way, the Protocol 
and Index would both foster and inform long-term management plans for WGS woodlands, with a focus 
on biodiversity conservation. Larger woods are more likely to benefit, however, as the extent and 
complexity of management in small woods is rather less, and although not necessarily a burden, the 
Protocol and Index may be of limited use. 
7.2.3 Contribution 
The Protocol and Index developed in this thesis may be considered a generalised, target-less extension of 
the condition monitoring approach employed in Common Standards Monitoring for woodland SSSIs 
(JNCC, 2004). This fundamental shift in approach was required because WGS woodlands, unlike SSSIs, do 
not have defined ‘interest features’; therefore, target states for those features cannot be established and 
condition cannot be assessed. Instead, the Protocol records, without prejudice, the current state of a 
standardised set of woodland features, allowing the monitoring of a wide range of stands over time or with 
regard to each other. Evaluation is the remit of the Index, which uniformly scores the biodiversity value of 
those features with regard to standards derived from the literature. It is not intended to prescribe 
management, merely track its effects and perhaps inform it because, unlike condition monitoring, no 
judgements are made on the favourability of condition. 
Hellawell’s definition of conservation monitoring (1991) as “intermittent recording of the condition of a 
feature of interest to detect or measure compliance with a predetermined standard” does not fit well with 
the Protocol and Index. A recent review (Hurford and Schneider, 2006) highlights how such conservation 
monitoring approaches can work for the management of individual species or habitats in defined areas but 
goes little beyond that. For a flexible national management scheme operating on a very diverse set of 
woodlands with an equally diverse set of management aims (if any), the burden of a management-oriented, 
target-centric monitoring programme would be considerable, if even workable. The Protocol and Index 
avoid this, seeking only to assess the broad biodiversity effects of management, and hence the overall 
impact of the Scheme, something that more conventional monitoring approaches may miss. 
Importantly, the Protocol and Index have demonstrated good statistical power, something that is a major 
weakness of many conservation monitoring programmes (Legg & Nagy, 2006). It is also of note that the 
approach of surveying a large sample of sites relatively infrequently, as used by the Protocol and Index, is 
proving an efficient way of improving statistical power in recent ‘reduced effort’ monitoring research for 
seabirds (Sims et al, 2006) and butterflies (Roy, Rothery & Brereton, 2007); something that is of great 
importance for the cost-effectiveness of national monitoring programmes, such as those envisaged for the 
WGS. From a methodological standpoint, the Protocol and Index meet three of the four guidelines for 
good stand complexity indices, suggested in a recent review by McElhinny et al (2005): the range of 
attributes recorded is comprehensive, the Index is mathematically simple, and scores can be compared 
against any reference woodland type, although further work is required to extend the Index to consider 
beta diversity between stands. The final guideline, that weighting should be investigated through a 
sensitivity analysis, was not followed but a factor analysis was conducted to detect bias. 
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7.3 WGS in Kent 
7.3.1 Effectiveness 
At the heart of the WGS lies a conflict, between its historic role as a provider of publicly funded support 
for private forestry, in the interests of timber security, and its developing role as an important mechanism 
for the delivery of national biodiversity conservation goals. It is this duality of purpose, not to mention rural 
development and public amenity roles, which necessitate an objective field survey-based assessment of its 
effectiveness at conserving woodland biodiversity (cf. Dyer, 2003a). The Protocol and Index were 
developed to address the limited research in this area, and the case study in Kent represents the first large-
scale, field-based assessment of the effects of WGS management on woodland biodiversity. 
From the results of the case study, it appears the WGS is predominantly maintaining the woodland 
biodiversity status quo in Kent, either that or its impact is insufficient to be detected (see 7.2.2 above). The 
major exception to this is coppicing, where a strong relationship was found to exist between moderate 
cutting of a compartment and increased scores as measured by the biodiversity Index. Considering the 
total coppice area in Kent, the WGS was responsible for cutting approximately 15-26% of it between 1995 
and 2000, representing a significant benefit to woodland biodiversity in the county. Examining the 
biodiversity value of the case study agreements, as assessed by the Index, shows most score more than 30 
points (Figure 7.1). To put that in context, Hamstreet Woods National Nature Reserve scored 42 points, 
with ten other agreements scoring at a similar level or higher. This implies that the WGS is important in 
Kent for managing woodland of high nature conservation value. Furthermore, just eight of the higher 
scoring agreements were SSSIs, suggesting the Scheme is also effectively targeting high quality non-
designated woods. 
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Figure 7.1: Histogram of mean Index scores awarded to the 50 WGS agreements surveyed in Kent; 
27 score more than 30 points of which 8 are SSSIs; for reference, Hamstreet Woods National 
Nature Reserve scored 42 points 
Discussing these findings with regard to the previous WGS assessment literature is not informative 
because of the incompatible methodologies used; however, Decocq et al (2004) conducted a rather more 
detailed field-based assessment of understorey plant diversity under two different silvicultural systems, 
coppice with standards and a ‘close-to-nature’ selective cutting system. Their main finding, that coppicing 
supported greater diversity than the selective cutting system, broadly supports the findings of this research. 
Similarly, Cooke and Masheder (2001) reported that 81% of woodland SSSIs were in favourable or 
recovering condition when under WGS management, compared to 75% of all woodland SSSIs, providing 
further evidence that WGS agreements successfully manage woodland of high nature conservation value. 
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7.3.2 Value 
A comprehensive assessment of the value for money offered by the WGS in Kent was not possible 
because, of the various Scheme aims, the case study focussed solely on biodiversity conservation. 
Nevertheless, an analysis of compartment cost against biodiversity value, as measured by the Index, 
indicated that value increased linearly with spending up to ~£1750 ha-1, after which point the increase 
diminished. With 85% of case study compartments costing less than that, the WGS would appear to offer 
reasonable value for money with regard to biodiversity conservation. 
The New Woodland Scoring Form was introduced in 2000 to improve the quality, and hence value for 
money, of woodland creation agreements. From a biodiversity perspective, evidence from the case study 
and an analysis of the key nature conservation aspects of the Form at the county level indicated it had little 
effect initially. This broadly agrees with the study by CJC Consulting (2003), which found that mean scores 
were little above the threshold, and 66% of the points awarded (to 2003) were for non-nature 
conservation reasons. Indeed, the Form does little to attract landowners with the best sites for nature 
conservation, whilst the points awarded for rural development and public amenity are less geographically 
constrained. Of greater concern, however, was the 20% of new planting (10% by area) in Kent that was, at 
least partially, on amenity grassland or semi-natural habitat, something not taken into account by the Form. 
Woodland Improvement Grants are the main mechanism for targeting WGS management to achieve value 
for money. In the case study, WIG compartments were generally found to be only marginally different to 
non-WIG compartments, in terms of cost and biodiversity value, with an analysis at the county level 
showing similarly limited effects. This would appear to contradict research by Dyer (2003a), which found 
positive effects of the Grants; however, any other response would have been unlikely from a questionnaire 
survey of participants who have funded 50% of the work. It also highlights a problem with the assumption 
inherent in Dyer’s study, that work under the Grants is automatically of benefit: as the case study 
demonstrated, WIG compartments are not necessarily more diverse than non-WIG ones and other 
‘benefits’ can be insignificant when considered in context. 
The only area in which WIG agreements did appear to have a significant effect in Kent was coppicing: 23% 
of all WGS coppicing between 1995 and 2000 was carried out under WIG Project 2 and 3 agreements. 
However, that means 77% was carried out under annual management grants at far lower cost, questioning 
the value of WIG agreements for coppicing. Assuming extra funding is genuinely required to carry out 
nearly a quarter of WGS coppicing, a modest coppicing grant may be more cost-effective than the WIG 
negotiation process. 
7.3.3 Replacement 
The Woodland Grant Scheme was replaced by the England Woodland Grant Scheme in 2005 and 
although the Schemes are quite similar, the change represents a major shift in the Forestry Commission’s 
policy towards private woodland in England: whilst commercial forestry retains support, public amenity 
and biodiversity conservation, in particular, receive much greater support (Forestry Commission, 2005a). 
Perhaps the most important changes are the introduction of Woodland Planning and Woodland 
Assessment Grants (WPG & WAG), and their relationship with the Woodland Management Grant (WMG) 
and UK Woodland Assurance Standard (UKWAS, 2006). 
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The WPG, available for woods of 3 ha or more, formally incorporates long-term management planning 
into the Scheme, based on UKWAS certification standards. The reason for the grant is primarily because 
the new WMG requires woods to be UKWAS certified to be eligible, although for woods less than 30 ha a 
Condition, Opportunity and Threat Assessment suffices. The WAG is relevant because it grant aids the 
more detailed assessments that can be required to produce a management plan, importantly including 
ecological assessments. In combination, these changes should ensure more nature conservation oriented 
management of Scheme woods than was previously the case, particularly given the UKWAS requirements 
(e.g. 15% of wood for biodiversity conservation, restricted commercial felling in semi-natural woodland). 
The WMG is paid at a lower rate (£30 ha-1 year-1) than the old annual management grant and the eligibility 
criteria have been considerably tightened: woods must either be a type important to the UKBAP (SSSIs, 
ancient semi-natural, ancient replanted) or provide public access where there is a demand; red squirrel 
areas are also included. Fortunately, this change is unlikely to impact the grant’s role in managing the 
predominantly ancient coppice woodland in Kent; whilst the new certification and entry requirements 
should ensure the funds are rather better targeted than under the annual management grant. 
The other grants areas have also undergone a series of notable changes. Woodland Improvement Grants 
(WIG) now pay up to 80% of ‘standard’ rather than ‘agreed’ costs; public access (WIG1) is still important 
but biodiversity (WIG3) is now focused on UKBAP targets and SSSI management replaces under-managed 
woods (WIG2). Regional projects have also been included for priority access areas and red squirrel 
conservation. Woodland Regeneration Grants (WRG) change the emphasis from replanting to natural 
regeneration but otherwise remain broadly similar barring higher payments. Notably, the highest rates are 
for regenerating ancient woodland sites. Woodland Creation Grants (WCG) are only changed in detail, 
with the explicit inclusion of New Native Woodlands and the transfer of farm woodland payments from 
Defra being the most notable. 
Together with the WMG, these changes introduce a new focus on UKBAP targets, SSSI management and 
natural regeneration/native planting at the expense of the more commercially oriented practices found 
under the WGS. The introduction of regionalisation is also of note, although it is primarily through 
differential allocation of budgets rather than regional variation in grants: only the red squirrel WIG and 
WMG, priority access WIG, Community Forest payments, and Challenge Funds have restricted geographic 
availability. Discretionary entry for the WCG is also regionalised but the Scoring Form is essentially 
unchanged from the WGS, except for the removal of farm woodland points, and the regions vary only in 
their specific ‘regional priorities’ (East of England excepted). 
From a biodiversity assessment stand point, the Scheme changes are of no consequence for the Protocol 
and Index: site visits by Woodland Officers continue, and the same management operations are still 
undertaken. Similarly, more formalised management planning does not necessarily negate the potential role 
of the Protocol and Index in informing those decisions; and WAG ecological assessments are more likely 
to complement the Protocol and Index rather than conflict, particularly given the relatively limited 
situations that call for them (e.g. significant works in long-term unmanaged ancient semi-natural woodland), 
and their more detailed focus on species and communities. 
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7.4 Conclusions 
The Woodland Grant Scheme and its successor, the England Woodland Grant Scheme, are charged with 
providing public benefit through the creation and management of mostly private woodland. Conserving 
biodiversity is key amongst the Schemes’ roles; however, it is this area in which there has been the least 
critical assessment, questioning the successful delivery of national policy commitments such as the UKBAP. 
To address this problem, this thesis adopted two aims: 
1. to develop a novel monitoring and evaluation protocol for the Woodland Grant Scheme;  
and utilising that protocol, 
2. investigate the effectiveness of the WGS at conserving biodiversity. 
Through a case study in Kent a novel condition monitoring-based biodiversity assessment methodology for 
woodland was developed. It comprised a rapid, low skill-requirement field survey Protocol for monitoring 
diversity without reference to condition targets, coupled with an objective diversity Index for evaluation. 
This approach represents a significant extension to standard condition monitoring (JNCC, 2004), and 
widens its applicability from woodland SSSIs to any woodland without requiring the identification of 
interest features or the definition of condition targets. Validation of the Protocol and Index, against 
predictions derived from the literature, demonstrated that they were able to reliably record woodland 
diversity and score it appropriately, such that only minor refinements were required to their design. 
Importantly, the approach provided good statistical power, which is a problem with many other 
conservation monitoring approaches (Legg & Nagy, 2006). 
The data collected during the case study afforded the opportunity to conduct the first large-scale, field 
survey-based assessment of the effects of WGS management on woodland biodiversity. The Scheme was 
found to be important for managing and improving the diversity of coppice woodland in Kent. Specifically, 
some 15-26% of the coppice woodland in Kent was agreed to be cut under the Scheme between 1995 and 
2000, whilst moderate cutting (35-65%) of a compartment was found to increase its overall biodiversity 
value. Regarding other woodland types and management activities, no overall effect was found, suggesting 
the Scheme is maintaining the biodiversity status quo. An analysis of the financial aspects of the Scheme 
indicated it was providing adequate value for money, from a biodiversity conservation perspective, 
although the targeting mechanisms (New Woodland Scoring Form and Woodland Improvement Grants) 
were found to be potentially weak. 
Looking forward, the Protocol and Index could be adopted by the Forestry Commission for a field survey-
based assessment of the WGS nationally, utilising the resource of Woodland Officer agreement 
negotiation and compliance visits, with the potential of not only assessing but also informing management. 
The replacement of the Scheme with the EWGS should not affect the adoption of the Protocol and Index, 
and the increased nature conservation focus of the EWGS may deliver greater biodiversity benefits. 
Importantly, its role in managing the ancient coppice woodland in Kent should be unchanged, and a GIS 
desk-study could be carried out to investigate that role in other counties of the South East. Finally, the 
condition monitoring without targets approach of the Protocol and Index has the potential to be extended 
to other habitats and land-management schemes, such as farmland under Defra’s Environmental 
Stewardship, where a lack of condition targets would otherwise hamper cost-effective assessment. 
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Woodland Grant Scheme 
New Woodland
Scoring Form
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1 Rural Development You may tick the first box plus one other Points For Official Use
Within a Rural Priority Area ❏ 3
Planting 70% or more high yield species
(conifers; poplar; cricke bat willow) ❏ 3
Planting 2250 or more trees per hectare ❏ 2
Planting less than 2250 trees per hectare ❏ 1
2 Economic Regeneration You may tick the first box plus one other
Within an Economic Regeneration Priority Area ❏ 3
On land previously used for industry or mineral extraction ❏ 3
Within 5 kilometres of a permanent population of at least 5,000 ❏ 2
Within 8 kilometres of a permanent population of at least 5,000 ❏ 1
3 Recreation, Access and Tourism You may tick the first box plus one other
Within a Community Forest or the National Forest ❏ 3
Proposals allow public access over the whole area ❏ 3
Proposals allow public access over specified routes or parts of the area ❏ 2
Site contains or is immediately adjacent to a public footpath 
or bridleway ❏ 1
4 Environment and Conservation You may tick the first box plus one other
Contributes to a named, national or local BAP, HAP or SAP target ❏ 3
Extends an ASNW with woodland that is in accordance with 
FC Bulletin 112 ❏ 3
Extends an existing native woodland or PAWS with woodland 
composed of locally native species ❏ 2
Woodland is composed of locally native species ❏ 1
5 Size You may tick only one box and you must score the largest wood only
20 hectares and over ❏ 6
10 hectares and over ❏ 5
3 hectares and over ❏ 3
1 hectare and over ❏ 1
6 Landscape Enhancement You may tick only one box
Within a National Park or AONB, and meeting their landscape 
guidelines ❏ 3
Proposals contribute to the restoration of a designed landscape ❏ 2
Proposals demonstrate an identified landscape improvement ❏ 1
7 Additional Factors/Regional Features You may tick all applicable boxes
Joint WGS/FWPS scheme ❏ 3
Proposals demonstrate active engagement of the local community
in design or in future management ❏ 3
Proposals meet a regional priority identified by the Conservancy ❏❏Check these details with your Conservancy and, if appropriate, enter the scoreachieved – 1 to 3 in the box
Total Score
Applicant’s name: 
Signature: Date:
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List of woodland NVC indicator species 
Achillea millefolium (yarrow) 
Agrostis capillaris (common bent) 
Agrostis stolonifera (creeping bent) 
Ajuga reptans (bugle) 
Angelica sylvestris (wild angelica) 
Anthoxanthum odoratum (sweet vernal-grass) 
Anthriscus sylvestris (cow parsley) 
Arrhenatherum elatius (false oat-grass) 
Arum maculatum (lords and ladies) 
Athyrium filix-femina (lady-fern) 
Brachypodium sylvaticum (wood false-brome) 
Calluna vulgaris (heather) 
Caltha palustris (marsh marigold) 
Cardamine flexuosa (wavy bittercress) 
Cardamine pratensis (cuckoo flower) 
Carex auctiformis (lesser pond-sedge) 
Carex paniculata (tussocked sedge) 
Chaerophyllum temulentum (rough chervil) 
Circaea lutetiana (enchanter's nightshade) 
Cirsium arvense (creeping thistle) 
Cirsium palustre (marsh thistle) 
Cirsium vulgare (spear thistle) 
Cornus sanguinea (dogwood) 
Crataegus monogyna (common hawthorn) 
Cruciata laevipes (crosswort) 
Cytisus scoparius (broom) 
Dactylis glomerata (cocksfoot) 
Deschampsia cespitosa (tufted hair-grass) 
Deschampsia flexuosa (wavy hair-grass) 
Digitalis purpurea (foxglove) 
Dryopteris dilatata (broad buckler-fern) 
Dryopteris filix-mas (male-fern) 
Epilobium angustifolium (rosebay willowherb) 
Epilobium palustre (marsh willowherb) 
Equisetum fluviatile (water horsetail) 
Eupatorium cannabinum (hemp agrimony) 
Festuca rubra (red fescue) 
Filipendula ulmaria (meadowsweet) 
Galium aparine (common cleavers) 
Galium palustre (marsh bedstraw) 
Galium saxatile (heath bedstraw) 
Geranium robertianum (herb Robert) 
Geum urbanum (herb Bennet) 
Glechoma hederacea (ground ivy) 
Hedera helix (ivy) 
Heracleum sphondylium (hogweed) 
Holcus lanatus (Yorkshire fog) 
Hypochoeris radicata (cat's ear) 
Iris pseudacorus (yellow iris) 
Juncus effusus (soft rush) 
Ligustrum vulgare (wild privet) 
Lonicera periclymenum (honeysuckle) 
Lycopus europaeus (creeping jenny) 
Lysimachia vulgaris (yellow loosestrife) 
Lythrum salicaria (purple loosestrife) 
Mentha aquatica (water mint) 
Mercurialis perennis (dog's mercury) 
Molinia caerulea (purple moor-grass) 
Mycelis muralis (wall lettuce) 
Myosotis laxa caespitosa (tufted forget-me-not) 
Oenanthe crocata (hemlock water-dropwort) 
Phragmites australis (common reed) 
Poa pratensis (smooth meadow-grass) 
Poa trivialis (rough meadow-grass) 
Potentilla erecta (tormentil) 
Prunus spinosa (blackthorn) 
Pteridium aquilinum (bracken) 
Ranunculus flammula (lesser spearwort) 
Ranunculus repens (creeping buttercup) 
Rosa canina (dog rose) 
Rubus fruticosus (bramble) 
Rubus idaeus (raspberry) 
Rumex acetosella (wood dock) 
Sambucus nigra (elder) 
Silene dioica (red campion) 
Solanum dulcamara (bittersweet) 
Taraxacum officinale (common dandelion) 
Teucrium scorodonia (wood sage) 
Thelypteris palustris (marsh fern) 
Ulex europaeus (gorse) 
Urtica dioica (common nettle) 
Valeriana dioica (marsh valerian) 
Valeriana officinalis (common valerian) 
Viburnum lantana (wayfaring tree) 
Viola riviniana (common dog-violet) 
 223 
List of Ancient Woodland Vascular Plant indicator species 
Adoxa moschatellina (moschatel) 
Allium ursinum (ramsons) 
Anagallis minima (chaffweed) 
Anemone nemorosa (wood anemone) 
Aquilegia vulgaris (columbine) 
Blechnum spicant (hard fern) 
Bromopsis ramosa (hairy-brome) 
Calamagrostis epigejos (wood small-reed) 
Campanula trachelium (nettle-leaved bellflower) 
Cardamine amara (large bitter-cress) 
Carex laevigata (smooth-stalked sedge) 
Carex pallescens (pale sedge) 
Carex pendula (pendulous sedge) 
Carex remota (remote sedge) 
Carex strigosa (thin-spiked wood-sedge) 
Carex sylvatica (wood-sedge) 
Chrysosplenium oppositifolium (op.-lv. gld.-saxifrage) 
Conopodium majus (pignut) 
Convallaria majalis (lily-of-the-valley) 
Crataegus laevigata (midland hawthorn) 
Daphne laureola (spurge-laurel) 
Dipsacus pilosus (small teasel) 
Dryopteris aemula (hay-scented buckler-fern) 
Dryopteris affinis (scaly male-fern) 
Dryopteris carthusiana (narrow buckler-fern) 
Elymus caninus (bearded couch) 
Epipactis helleborine (broad-leaved helleborine) 
Epipactis purpurata (violet helleborine) 
Equisetum sylvaticum (wood horsetail) 
Euphorbia amygdaloides (wood spurge) 
Festuca gigantea (giant fescue) 
Galium odoratum (sweet woodruff) 
Helleborus viridis (green hellebore) 
Holcus mollis (creeping soft-grass) 
Hyacinthoides non-scripta (bluebell) 
Hypericum androsaemum (tutsan) 
Hypericum pulchrum (slender St John's-wort) 
Ilex aquifolium (holly) 
Iris foetidissima (stinking iris) 
Lamiastrum galeobdolon (yellow archangel) 
Lathraea squamaria (toothwort) 
Lathyrus linifolius (bitter-vetch) 
Lathyrus sylvestris (narrow-leaved everlasting-pea) 
Luzula forsteri (southern wood-rush) 
Luzula pilosa (hairy wood-rush) 
Luzula sylvatica (great wood-rush) 
Lysimachia nemorum (yellow pimpernel) 
Melampyrum pratense (comon cow-wheat) 
Melica uniflora (wood melick) 
Milium effusum (wood millet) 
Moehringia trinervia (three-veined sandwort) 
Narcissus pseudonarcissus (wild daffodil) 
Neottia nidus-avis (bird's-nest orchid) 
Orchis mascula (early purple orchid) 
Orchis purpurea (lady orchid) 
Oreopteris limbosperma (lemon-scented fern) 
Oxalis acetosella (wood-sorrel) 
Paris quadrifolia (herb Paris) 
Phyllitis scolopendrium (hart's-tongue) 
Pimpinella major (greater burnet-saxifrage) 
Platanthera chloranthera (greater butterfly-orchid) 
Poa nemoralis (wood meadow-grass) 
Polygonatum multiflorum (Solomon's-seal) 
Polypodium vulgare (polypody) 
Polystichum aculeatum (hard shield-fern) 
Polystichum setiferum (soft shield-fern) 
Potentilla sterilis (barren strawberry) 
Primula vulgaris (primrose) 
Radiola liniodes (allseed) 
Ranunculus auricomus (Goldilocks buttercup) 
Ribes nigrum (black currant) 
Ribes rubrum (red currant) 
Rosa arvensis (field-rose) 
Ruscus aculeatus (butcher's broom) 
Sanicula europaea (sanicle) 
Scirpus sylvaticus (wood club-rush) 
Scutellaria minor (lesser skullcap) 
Sedum telephium (orpine) 
Serratula tinctoria (saw-wort) 
Solidago virgaurea (golden-rod) 
Stachys officinalis (betony) 
Tamus communis (black bryony) 
Vaccinium myrtillus (bilberry) 
Veronica montana (wood speedwell) 
Viburnum opulus (guelder rose) 
Vicia sepium (bush vetch) 
Vicia sylvatica (wood vetch) 
Viola palustris (marsh violet) 
Viola reichenbachiana (early dog-violet) 
Whalenbergia hederacea (ivy-leaved bellflower) 
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Woodland Assessment Protocol 
Structured walk 
Examine a map of the wood and identify the compartments, rides, glades, ponds and watercourses. Plan a 
survey route for each compartment to cover as much of it as practicable; typically a ‘W’ shaped route is 
most appropriate. If the compartment is less than 1 ha in size a single sample point, generally located in the 
centre, will suffice. Otherwise, five sample points should be evenly spaced along the route, typically at the 
points of the ‘W’. Equipment required comprises a map of the wood, relascope, tape measure and 
something to record the data on. 
Sample point recording 
A sample point consists of a 5 m-radius circle around the predetermined stops on the structured walk. It is 
important to keep as closely as possible to the planned stops, to avoid the temptation of including 
subjectively ‘interesting’ or ‘unusual’ features. The elements of woodland biodiversity that should be 
recorded are described below, and an example recording form provided for reference. 
Relascope sweep 
From the centre of the sample point a 360º relascope sweep should be carried out to record the number 
of living and dead trees. A list should also be made of the species of the trees counted in the sweep. 
Tree and shrub layer 
Visually estimate the cover to the nearest 10% in each of the following (approximate height guide): upper 
canopy (>15 m). lower canopy (5-15 m), upper understorey (2-5 m), lower understorey (<2 m). Using 
the DAFOR scale, record the extent of the epiphyte community on the tree trunks and branches; note 
lichens, mosses and vascular plants separately. Using the visual cover estimates as a guide, determine 
whether the structure/age-class of the wood is notably different to that of previous sample points; if so, 
count it. 
Field layer 
Record the composition of the field layer, using the DAFOR scale, noting: bare ground, ferns, graminoids, 
herbs, leaf litter, mosses and woody plants. Signs of regeneration should also be recorded on the DAFOR 
scale, considering: seedlings (<0.2 m), saplings (<1 m) and young trees (<2 m). Species richness is 
estimated by counting the number of visually different plant species (excluding trees and shrubs) present 
(morphospecies). 
Fallen deadwood 
For each piece of fallen deadwood, 5 cm or more in diameter, record its diameter (to the nearest cm) and 
length (to the nearest 10 cm). Post-survey, the number of diameter classes present may be determined 
with reference to the following scale: 5-10 cm, 11-20 cm, 21-30 cm, 31-40 cm, and >40 cm. 
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Example recording form 
 
Survey item Code Method 1 2 3 4 5 Cpt 
Structure         
Tree basal area - live TBA relascope   ↑   mean 
Canopy cover - upper CCU estimated %   ⏐   mean 
Canopy cover - lower CCL estimated % record for each sample point mean 
Understorey cover - upper UCU estimated %   ⏐   mean 
Understorey cover - lower UCL estimated %   ↓   mean 
Composition         
Tree species number1 TSN count count new species only total 
Morphospecies number MSN count   ↑   mean 
Field layer - bare ground FLB DAFOR   ⏐   median 
Field layer - ferns FLF DAFOR   ⏐   median 
Field layer - graminoids FLG DAFOR   ⏐   median 
Field layer - herbs FLH DAFOR   ⏐   median 
Field layer - leaf litter FLL DAFOR record for each sample point median 
Field layer - mosses FLM DAFOR   ⏐   median 
Field layer - woody plants FLW DAFOR   ⏐   median 
Epiphytes - lichens EPL DAFOR   ⏐   median 
Epiphytes - mosses EPM DAFOR   ⏐   median 
Epiphytes - vascular plants EPV DAFOR   ↓   median 
Function         
Regeneration - seedlings RSE DAFOR   ↑   median 
Regeneration - saplings RSA DAFOR   ⏐   median 
Regeneration - young trees RYT DAFOR record for each sample point median 
Tree basal area - dead DWS relascope   ⏐   mean 
Fallen deadwood - volume2 DWF measure   ↓   mean 
Fallen deadwood - diameters2 DWD count count new classes only total 
Structure/age classes SCD count count new classes only total 
1 list species separately 
2 calculate separately 
    
Subsidiary habitat recording 
The most common habitat adjacent to the compartment should be noted, excluding other compartments 
of the same wood, unless completely internal. For the entire wood, the following subsidiary habitats and 
their features should also be recorded: rides – width, number of management zones, scalloped edges; 
glades – area, presence of trees/shrubs; watercourses – width, whether flowing or not; ponds – area, 
presence of island or muddy shallows. Typically this is done on a copy of the map, such that the 
compartments containing or adjacent to each habitat may be identified. 
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Woodland Diversity Index 
Post-survey, the data recorded by the Protocol is scored using the diversity Index. The compartment 
mean, median or total value (as appropriate) for each surveyed item is scored according to the following 
scheme: 
Index score:  5 4 3 2 1 0 
Structure        
Tree basal area - live TBA 32>40 24>32 40+ 16>24 8>16 0>8 
Canopy cover - upper CCU 45>60 30>45 60>75 75>90 15>30 0>15 
Canopy cover - lower CCL 45>60 30>45 60>75 75>90 15>30 0>15 
Understorey cover - upper UCU 30>45 45>60 15>30 60>75 0>15 75>90 
Understorey cover - lower UCL 30>45 45>60 15>30 60>75 0>15 75>90 
Composition        
Tree species number TSN 10> 8>10 6>8 4>6 2>4 0>2 
Morphospecies number MSN 15> 12>15 9>12 6>9 3>6 0>3 
Field layer class diversity2 FCD 5 4 3 2 1 ~ 
Field layer1 FLT 29>35 22>29 15>22 8>15 1>8 ~ 
Field layer - bare ground FLB O F R A D ~ 
Field layer - ferns FLF F A O D R ~ 
Field layer - graminoids FLG F A O D R ~ 
Field layer - herbs FLH F A O D R ~ 
Field layer - leaf litter FLL F A O D R ~ 
Field layer - mosses FLM F A O D R ~ 
Field layer - woody plants FLW F A O D R ~ 
Epiphytes1 EPT 13>15 10>13 7>10 4>7 1>4 0 
Epiphytes - lichens EPL F A O D R ~ 
Epiphytes - mosses EPM F A O D R ~ 
Epiphytes - vascular plants EPV F A O D R ~ 
Function        
Regeneration1 RXT 13>15 10>13 7>10 4>7 1>4 0 
Regeneration - seedlings RSE F A O D R ~ 
Regeneration - saplings RSA F A O D R ~ 
Regeneration - young trees RYT O F R A D ~ 
Tree basal area - dead DWS 5> 4>5 3>4 2>3 1>2 0>1 
Fallen deadwood - volume DWF 40> 30>40 20>30 10>20 1>10 0 
Fallen deadwood - diameters DWD 5 4 3 2 1 0 
Structure/age classes SCD 5 4 3 2 1 ~ 
1 sum of intermediate scores awarded to the median DAFOR values 
2 number of sample points with unique field layer according to dominant cover type 
The compartment Index scores for structure, composition and function may then be calculated. 
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Subsidiary habitats are scored according to the scheme set out below. Only those habitats within or 
adjacent to a compartment contribute to its score. Where more than one example of the same habitat is 
present, the highest scoring elements are used, e.g. a compartment with a scalloped single zone 7 m ride 
and a two zone 12 m ride would score 4 points (2 + 1 + 1). 
Index score:  4 3 2 1 0 +1 +2 
Habitat         
Rides SHR ~ ~ >10 m <10 m ~ 2 zones; 
scallops 
3 zones 
Glades SHG >1 ha 0.5>1 ha <0.5 ha ~ ~ Shrubs/ trees ~ 
Watercourses SHW >2 m ~ <2 m ~ ~ Flowing ~ 
Ponds SHP ~ >500 m2 <500 m2 ~ ~ 
Island; 
muddy 
shallows 
~ 
Adjacent 
habitats SHA 
Ancient 
woodland Woodland 
Scrub/ 
heath 
Unimproved 
grassland 
Arable/ 
improved 
grassland 
Hedge ~ 
The compartment Index score for subsidiary habitats may then be calculated, along with the overall Index 
score, and an average for the wood calculated, if desired. For reference, Hamstreet Woods National 
Nature Reserve, an ancient woodland in Kent containing both coppice and high forest areas, scored 42 
points on average, with the most diverse compartment scoring 50 points. 
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Case study WGS agreement maps 
The maps below show the outlines of the WGS agreement woodlands surveyed as part of the case study. 
The outline of each agreement (–) is overlain on a woodland map of Kent derived from the Kent Wildlife 
Habitat Survey (1995) and the Ancient Woodland Inventory for England (English Nature, 2003): ancient 
semi-natural woodland is shaded dark grey (), ancient replanted woodland mid grey () and plantation 
woodland light grey (). The title of each map comprises: 
WGS Agreement number – number of compartments (cpts); agreement area (ha); coppice, high forest 
and/or newly planted woodland; NVC type; plantation, ancient replanted (ARPW) and/or ancient semi-
natural woodland (ASNW); SSSI designation 
0 0.5 1 1.5 2 Kilometers
N
 
1 – 1 cpt; 8.3 ha; coppice; W10; ASNW; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
2 – 4 cpts; 7.1 ha; coppice, high forest; W10, W12, W21; ARPW 
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0 0.5 1 1.5 2 Kilometers
N
 
3 – 2 cpts; 5.5 ha; coppice; W10; ARPW, ASNW; part SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
4 – 1 cpt; 4.7 ha; coppice; W16; ASNW; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
5 – 1 cpt; 1.5 ha; new planting 
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0 0.5 1 1.5 2 Kilometers
N
 
6 – 2 cpts; 4.35 ha; coppice, high forest; W10; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
7 – 11 cpts; 24.45 ha; coppice, high forest; W8, W10, W16; plantation, ARPW, ASNW 
0 0.5 1 1.5 2 Kilometers
N
 
8 – 1 cpt; 0.5 ha; high forest; W10; ARPW 
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0 0.5 1 1.5 2 Kilometers
N
 
9 – 2 cpts; 0.58 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
10 – 4 cpts; 13.2 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
11 – 1 cpt; 0.4 ha; coppice; W10; ASNW 
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0 0.5 1 1.5 2 Kilometers
N
 
12 – 2 cpts; 0.85 ha; high forest; N/A; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
13 – 4 cpts; 1.05 ha; coppice, high forest; W10, W21; ARPW 
0 0.5 1 1.5 2 Kilometers
N
 
14 – 1 cpt; 0.3 ha; new planting 
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0 0.5 1 1.5 2 Kilometers
N
 
15 – 4 cpts; 8.7 ha; high forest; W8, W12, W21; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
16 – 1 cpt; 1.46 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
17 – 1 cpt; 25.1 ha; high forest; W10; ARPW 
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0 0.5 1 1.5 2 Kilometers
N
 
18 – 1 cpt; 0.51 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
19 – 4 cpts; 10.8 ha; coppice, high forest; W12; plantation; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
20 – 5 cpts; 22 ha; coppice; W10; ASNW 
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0 0.5 1 1.5 2 Kilometers
N
 
21 – 6 cpts; 2.3 ha; coppice, high forest; W8, W10, W21; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
22 – 6 cpts; 9.9 ha; coppice, high forest; W8, W10; ASNW 
0 0.5 1 1.5 2 Kilometers
N
 
23 – 3 cpts; 5.7 ha; coppice; W10; plantation 
 236 
0 0.5 1 1.5 2 Kilometers
N
 
24 – 1 cpt; 1.4 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
25 – 3 cpts; 5.37 ha; high forest; W8, W21; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
26 – 1 cpt; 2.01 ha; new planting 
 237 
0 0.5 1 1.5 2 Kilometers
N
 
27 – 1 cpt; 1.5 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
28 – 4 cpts; 1.42 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
29 – 6 cpts; 16.6 ha; coppice, high forest; W10, W16; plantation, ARPW, ASNW; SSSI 
 238 
0 0.5 1 1.5 2 Kilometers
N
 
30 – 1 cpt; 2.2 ha; high forest; W12; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
31 – 1 cpt; 1.4 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
32 – 1 cpt; 2 ha; coppice; W10; ASNW 
 239 
0 0.5 1 1.5 2 Kilometers
N
 
33 – 12 cpts; 5.7 ha; coppice, high forest; W8, W21, N/A; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
34 – 5 cpts; 13.8 ha; coppice, high forest; W10; plantation, ARPW, ASNW 
0 0.5 1 1.5 2 Kilometers
N
 
35 – 1 cpt; 0.6 ha; new planting 
 240 
0 0.5 1 1.5 2 Kilometers
N
 
36 – 1 cpt; 1 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
37 – 2 cpts; 1.7 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
38 – 21 cpts; 46 ha; coppice, high forest; W10; ASNW; SSSI 
 241 
0 0.5 1 1.5 2 Kilometers
N
 
39 – 1 cpt; 0.22 ha; coppice; W6; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
40 – 1 cpt; 1.2 ha; new planting 
0 0.5 1 1.5 2 Kilometers
N
 
41 – 1 cpt; 1.1 ha; high forest; W10; plantation 
 242 
0 0.5 1 1.5 2 Kilometers
N
 
42 – 9 cpts; 18.18 ha; coppice, high forest; W10; ASNW; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
43 – 1 cpt; 5.5 ha; coppice; W10; ASNW; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
44 – 5 cpts; 11.8 ha; coppice, high forest; W10; ASNW 
 243 
0 0.5 1 1.5 2 Kilometers
N
 
45 – 10 cpts; 47.6 ha; coppice, high forest; W10, W16; ARPW, ASNW; SSSI 
0 0.5 1 1.5 2 Kilometers
N
 
46 – 11 cpts; 22.12 ha; coppice, high forest; W10, W15, W21; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
47 – 3 cpts; 6.6 ha; coppice; W6, W8; plantation 
 244 
0 0.5 1 1.5 2 Kilometers
N
 
48 – 1 cpt; 4.8 ha; high forest; W6; plantation 
0 0.5 1 1.5 2 Kilometers
N
 
49 – 1 cpt; 4.15 ha; coppice; W10; ASNW 
0 0.5 1 1.5 2 Kilometers
N
 
50 – 5 cpts; 5.5 ha; new planting 
